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ABSTRACT 
Tubipofuran (20) and 15-acetoxytubipofuran (21) were isolated from Japanese 
stolonifera Tubipora musica linnaeus in 1986. They exhibit ichthyotoxicity and 
cytotoxicity properties. Encouraged by the success in devising efficient syntheses of 
3,4-disubstituted ftirans and precursors 114 and 115 by'utilizing a C ring + A ring -> 
A C ring -> A B C ring approach in our laboratory, these two approaches are extended 
to the syntheses of tubipofaran (20) and 15-acetoxytubipofuran (21). 
This thesis reports the synthesis of a key intermediate 137 by utilizing the C 
ring + A ring A C ring -> A B C ring approach. The initial step involved the 
formation of a C-C bond between C and A ring precursors, namely tris(4-
methylfliran-3-yl)boroxine (124) and functionalized Hagemann's ester 89. Compound 
124 was prepared from the methodology developed in our own laboratory while 
compound 89 was generated in two steps from a Hageman's ester derivative 102. 
Suzuki cross-coupling connected two rings and yielded 125. The bromo group was 
removed by acid hydrolysis of ketal 125 and Reformatsky reaction of the resulting a-
bromoketone 126 to afford 127. After reduction of 127 to alcohol 128, Friedel-Crafts 
acylation of 128 led to the formation of B ring and yielded a pair of diastereomers 129 
and 130. Dess-Martin periodinane oxidation converted diastereomers 129 and 130 
into 131. Hydrogenation of the a,|3-unsaturated ketone 131 furnished 132, which 
exhibited cz^ -configuration between the proton at C-10 and the methyl substituent at 
C-5 by ^ H-^H N O E S Y N M R spectroscopic analysis. Removal of the carbonyl on ring 
B of 132 and protection of the carbonyl on A ring with ketal, and Barton-McCombie 
radical deoxygenation procedure provided 136. Acid deprotection of the ketal 
substituent in 136 furnished the key intermediate 137. The key intermediate 137 may 
iv 
eventually lead to tubipofliran (20) and 15-acetoxytubipofliran (21) after several 
functional group transformations. 
V 
摘要 
Tubipolliran (20)和 15-acetoxytubipoftiran(21)於 1986 年從日本多蜜物 
Tubipora musica linnaeus中分離得到。它們顯示出毒魚性和細胞毒性。我們實 
驗室設計了一條C環+ A環 — A C環— A B C環的合成路線並利用它成功合成 
了 3，4-二取代呋喃和前體114和115，這兩條途徑將擴展用於合成tubipoftiran 













(20)禾口 15-acetoxytubipofuran (21)。 
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CHAPTER 1 INTRODUCTION 
1.1 General Background 
1.1.1 Characteristics of sesquiterpenoid furanoeudesmanes 
Furanoeudesmanes are members of the eudesmane or selinane family with 
fiiran nucleus. They are rich in higher plants, marine organisms and different natural 
s o u r c e s . 1-2 The treasure of this class of compounds lies in their wide range of 
biological activities with potential pharmaceutical implications, such as antifeedant,^ "^  
antispasmodic,5 antitumor,bactericidal agents/'^ ^ cell-division inhibitor/ cytotoxic 
agents,8，ii fungistatic/^  ichtyotoxicity," ixodicidic^ and predator deterrent.^ ^ 
13 15 
2 1 H 没 
3 4 CH36 
14 
1 
Figure 1. The primary skeleton of sesquiterpenoid fiiranoeudesmane. 
The primary skeleton of sesquiterpenoid furanoeudesmane (1) is shown in 
Figure 1. The stereochemistry between C-5 and C-10 carbons occurs naturally in three 
different configuration viz. ciS'(l\ trans-(3), and C9-C10 unsaturated (4) (Figure 2). 
Different substituents and unsaturations within the molecule form different types of 
sesquiterpenod furanoeudesmanes. 
1 
C H 3 h ？H3 CH3 y CH3 CH3 CH3 
CH3 CH3 CH3 
2 3 4 
Figure 2. cis, trans, and C9-C10 Unsaturated configurations of sesquiterpenoid fliranoeudesmane 
primary skeleton. 
1.1.2 Examples of trans-fused natural sesquiterpenoid furanoeudesmanes 
There are many examples of the trans-configamtion between C-5 and C-10 in 
sesquiterpenoid furanoeudesmanes (Figure 3). Furanoeudesman-1,3-diene (5) was 
obtained from the essential oil of Commiphora mobnol” Ciircolonol (6) was found in 
the species of Curcuma zedoariz?^ The fruits of Smyrnium galaticum provided ip-
acetoxyeudesma-3,7,11 -triene (7) which is an acetoxyfliranoeudesmane.^^ On the 
other hand, Smyrnium olusatrum fruit gave flirano-4( 15)-eudesmen-1 -one (8),^ ^ and 
naphtho[2,3-Z)]fliran-8-ol (9) which is also an acetoxyfuranoeudesmane. 
Shizukafliranol (10) was isolated from chloranthaceae in the plant of chloranthus 
japonicus 婦 Atractylon (11), 3P-acetoxyatractylon (12) and 3 p-hydroxyatractylon 
(13) were extracted from the rhizome of A.lancea, Atractylodes japonica KOIDZUNI 
and its related plants.〗。Lindera strychnifolia and the essential oil of Commiphora 
myrrh gave lindestrene (14), lindenene (15), lindenenyl acetate (16), and lindenenol 
(17) 21-23 Finally, liverwort Lophocolea heterophylla led to the isolation of 
fliranoeudesma-4( 15),7,11 -trien-5a-ol 
2 
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Undenenol furanoeudesma 3p-angloyloxy~4a-acetoxy 
-4(15), 7,11 -trien-5a-oi -5a/-/-furanoeudesmane 
Figure 3. Some examples of the /raw5-configuration sesquiterpenoid furanoeudesmanes. 
Furanoeudesma-1,3-dieiie, curcolonol, 1 P-acetoxyeudesma-3,7,11 -triene, 
flirano-4( 15)-eudesmen-l -one, naphtho[2,3-Z)]furan-8-ol, shizukafuranol, atractylon, 
3 (3-acetoxyatractylon, 3 p-hydroxyatractylon, lindestrene, lindenene, lindeneyl acetate, lindenenol, 
furaiioeudesma-4( 15),7,11 -trien-5a-ol, 3p-angloyloxy-4a-acetoxy-5a/f-furanoeudesmane. 
1.1.3 Examples of c/s-fused natural sesquiterpenoid furanoeudesmanes 
1.1.3.1 Tubipofuran and 15-acetoxytubipofuran 
The 办configuration sesquiterpenoid furanoeudesmanes were mainly isolated 
from marine sources. Tubipofuran (20) and 15-acetoxytubipofuran (21) (Figure 4) are 
3 
the first examples of bioactive sesquiterpenoid furanoeudesmanes having a cz^ -fused 




Figure 4. Two cz^ -configuration sesquiterpenoid fxiranoeudesmane - tubipofuran and 
15-acetoxytubipofliran. 
Tubipofuran (20) and 15-acetoxytubipoftiran (21) exhibit ichtyotoxicity 
towards a killifish Orizias latipes. Moreover, 15-acetoxytubipofliran (21) also exhibits 
cytotoxicity against B-16 melanoma cell in vitro. These compounds were obtained 
from Japanese stolonifer Tuhipora musica liimaeus at the coral reef of Ishigaki Island 
in Okinawa, Japan in 1986.^ ^ 
Japanese stolonifer Tubipora musica liimaeus suspension was extracted with 
ethyl acetate. Column chromatography on silica gel with hexane/ethyl acetate (30:1) 
gave tubipofuran (20) and 15-acetoxytubipofliran (21). 
The molecular weight of tubipofuran (20) and 15-acetoxytubipofuran (21) 
were firstly confirmed by mass spectra in the value of 214 [M]+ and 272 [M]+, 
respectively. On the other hand, U V spectra of 20 and 21 indicate the presence of a 
conjugated diene system, and a 2,3,4-trisubstituted fliran moiety with values at 263 
nm (s 3900), 216 nm (s 5400) and 262 nm (s 4300), 215 nm (s 5500), respectively. 
Table 1 shows all the ^ H N M R and ^ C^ N M R data of 20 and 21. Tubipoflxran (20) and 
15-acetoxytubipofliran (21) showed characteristic peaks of 2,3,4-trisubstituted fliran 
4 
moiety at 5 7.00 (IH，q,J二 1.1 Hz) and 6 7.00 (IH, sextet, J二 1.1 Hz), respectively. 
Monosubstituted homoaimular diene systems in 20 and 21 were confirmed by the 
proton signals at 6 5.42 (IH, dd, J= 0.9，9.5 Hz), 5.61 (IH, brd, J = 5.2 Hz), 5.81 (IH, 
dd，J= 5.2, 9.5 Hz) and 5.58 (IH, brd, J= 8.6), 5.85 - 5.90 (2H，m), respectively. The 
^H N M R and ^^C N M R spectra of 20 showed the olefinic methyl signal at 
Table 1 ^H N M R and ^ C^ N M R data of tubipofuran and 15-acetoxytubipofuran 
Tubipofuran (20) 15-Acetoxytubipofliran (21) 
1.13 (3H, s), 1.86 (3H, brs), 1.90 1.15 (3H, s), 1.89 (3H, d, J = 1.3 Hz), 
N M R (3H, d, J = 1.2 Hz), 2.01 (IH, dd, 2.08 (3H, s), 2.14 - 2.24 (2H, m), 2.51 
Data J = 5.8，8.6 Hz), 2.19 (IH, dddd, J (IH, dd, J = 2.7, 16.6 Hz), 2.56 (IH, 
(6 = 2.0，2.9, 8.6, 15.9 Hz), 2.44 (IH, dd, J二 3.4, 13.4 Hz), 2.65 (IH, brd, J二 
ppm) brd, J= 16.5 Hz), 2.53 (IH, tdd, J 16.6 Hz), 4.63 (IH, brd, J = 13.0 Hz), 
=1.2, 5.8, 15.9 Hz), 2.63 (IH, 4.70 (IH, dd, J = 1.2. 13.0 Hz), 5.58 
brd, J = 16.5 Hz), 5.42 (IH, dd, J (IH, brd, J = 8.6 Hz), 5.85 - 5.90 (2H, 
=0.9, 9.5 Hz), 5.61 (IH, brd, J = m), 7.00 (IH, sextet, J= 1.1 Hz). 
5.2 Hz), 5.81 (IH, dd, J二 5.2, 9.5 
Hz), 7.00 (IH, q，J=l.lHz). 
8.1, 22.3, 23.1，26.0, 35.0, 35.7, 8.0, 20.8, 23.7, 25.8, 35.2, 35.9, 40.4, 
N M R 44.1, 117.8, 118.5，118.6, 124.0, 66.4, 118.96, 119.0, 121.1, 123.3， 




5 1.86 (3H, brs) and 6 23.1, respectively. On the other hand, the ^ H N M R and ^ C^ 
N M R spectra of 21 gave the CH2OCOCH3 signal at 5 2.08 (3H, s), 4.63 (IH, brd, J = 
13.0 Hz), 4.70 (IH, dd, J= 1.2, 13.0 Hz), and 6 66.4，170.7, respectively. The ^ H - ^ H 
long-range correlation 2-D N M R spectra provided a W-shape long-range coupling 
between H-6 (5 5.58, brd) and H-10 (5 2.16, m ) to show the cw-stereochemistry. 
Furthermore, the absolute configuration was deduced from C D spectra by a positive 
Cotton effect due to the helical diene system at 263 nm (As + 0.56) for tubipofliran 
(20) and 270 nm (As + 3.0) for 1 S-acetoxytubipofuran (21). 
1.1.4 Examples of C9-C10 unsaturated natural sesquiterpenoid 
furanoeudesmanes 
Examples of C9-C10 unsaturated natural sesquiterpenoid furanoeudesmanes 
are shown in Figure 5. Curcolone (22) was isolated from the rhizome of zedoary, 
• 2 5 - 2 6 
Curcuma zedoaria Roscoe (Zingiberaceae) by Takemoto and co-workers in 1967.“ 
4-Furanoeudesmen-6-one (23) was obtained from the bark of Ocotea pulchella Nees 
et Mart. Ex Nees (Lauraceae) in the region of Torres, Rio Grande do Sul，Brazil by 
Pedralli in 1993.27 Fenical and co-workers reported the isolation of secondary 
metabolites of piccolamine (24), piccolamine (25), and piccolamine A^ -oxide (26) 
from Senegalese Gorgonian Leptogorgia piccola in Furthermore, 
furanoeudesma-1,4-diene-6-one (27) was found after an investigation of the essential 
oil of myrrh - the resin of Commiphora molmol Engler by Noble and co-workers in 
Germany, 1982 as well as Tian and co-workers in China, 
6 
^ Y ^ ^ Y ^ 
V ^ ^ k x ^ k ^ 
三三 墨 
‘OH 
22 23 24 
Curcolone 4-Furanoeudesmen-6-one Sesquiterpenoid 
Metabolite 
~ 
25 26 27 
Piccolamine Piccolamine Furanoeudesma-1,4-diene-6-one 
A/-oxide 
Figure 5. Some examples of the C9-C10 unsaturated sesquiterpenoid furanoeudesmanes. 
Curcolone, 4-furanoeudesmen-6-one, sesquiterpenoid metabolite, piccolamine, piccolamine 
7V-oxide，fiiranoeudesma-1,4-diene-6-one. 
1.2 Biosynthesis of Sesquiterpenoid Furanoeudesmanes 
Detailed enzymatic studies on biosyntheses of sesquiterpenoid 
furanoeudesmanes have been done.^ '^^ ^ As a first step, the biological pathway starts 
from the formation of isopentenyl pyrophosphate (36) (Scheme 1). Three isopentenyl 
pyrophosphate (36) are joined to form the parent of sesquiterpenoids 一 2E,6E-
famesyl pyrophosphate (38). Seven modes of cyclization give seven types of major 
cyclic sesquiterpenoids 41 (Figure 6). Only the last mode of cyclization confers the 
skeleton of eudesmane (45) (Figure 7). The biosynthetic pathway of flirano group, 
however, is still imestablished. 
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Q Q 0 -CH2CO-SCOA 
JC5.C0A + -^^^Xg.CoA — — / ^ C O S C o A — 
28 29 30 
Acetyl-coenzyme A 
0 . O H NADPH O . p H ATP, Mg2+ 
- q A X / C O S C o A ^ 
31 32 
3-Hydroxyl-3-methyl- Mevalonic Acid 
glutaryl-coenzyme A 
O \ p H ATP, Mg2+ O . p H ATP 
33 34 
Mevalonic Acid Mevalonic Acid 
Monophosphate Pyrophosphate 
“ O pp 1 _ _ Y_/"OPP Mn2+ W - O P P 
J 厂 Mg2+ 厂 
35 36 37 
Isopentenyl 3,3-Dimethylallyl 
Pyrophosphate Pyrophosphate 
Scheme 1. Formation of isopentenyl pyrophosphate unit. (OP = Phosphate, O P P = Pyrophosphate, 
CoA-SH 二 Coenzyme A ) 
r V ^ 
^ 
/"^^〔opp 人 5 
H+ 6 
38 39 40 41 
2E,6E-Farnesyl 
Pyrophosphate 
Figure 6. Seven modes of cyclization which lead to major cyclic sesquiterpenoids. 
(OPP = Pyrophosphate) 
8 
42 43 44 
H CHs 
45 
Figure 7. Formation of furanoeudesmane skeleton. 
1.3 Synthesis of Sesquiterpenoid Furanoeudesmanes 
1.3.1 Synthetic examples of/ra/is-fused sesquiterpenoid furanoeudesmanes 
Sesquiterpenoid furanoeudesmanes could be chemically synthesized. In the 
case of trans-configuration between C-5 and C-10 in sesquiterpenoid 
furanoeudesmanes, Nagasaki and co-workers accomplished the first total synthesis of 
atractylon (11) starting from methoxy tetralone in 1966,4-35 Letendre and co-workers 
reported a formal synthesis of atractylon (11) in conjunction with Nagasaki's previous 
work in 1980.36 Honan achieved the total synthesis of atractylon (11) starting from a-
tetralone in Nagasaki and co-workers completed the first total synthesis of 
lindestrene (14) in 1968.^ ^ Honan also achieved the total synthesis of lindestrene (14) 
in 1985.37 
9 
1.3.2 Synthetic examples of ci5-fused sesquiterpenoid furanoeudesmanes 
1.3.2.1 Linearly fused A/B trans- and A/B d5-furo[3,2-^] and furo[2,3-/>] 
decalin derivatives 
Ray and co-workers devised a route to realize linearly fused A/B trans- and 
A/B cis- furo[3,2-^ ] and fuTo[2,3-b] decalin derivatives with proper functionalities 
leading to cis- and rra似-configurations of sesquiterpenoid furanoeudesmanes in 1997 
(Scheme 2).40 Hageman's ester (46) was alkylated with 3-fiirylmethyl chloride (47) to 
yield product 48. Decarboxylation of alkylated Hageman's ester 48 gave the 
furylmethylcyclohexenone derivative 49. 1,4- Addition of cyanide to the a,P_ 
unsaturated ketone 49 and subsequent in situ alkaline hydrolysis resulted in the 
^ CH2CI , y 
r r + d ^ ^ 
H3CH2CO2C-V O tBuOH, S/H3C CO2CH2CH3 
CH3 Reflux， 
under N2, 
46 47 8 hr. 48 
p. 1) KCN, HMPA, o 
\\ EtOH-H20(2:1), 
Reflux under N2, (。卩3。0)2〇 + 
KOH. 17 hr, CF3C02H(4:1)’ 
HoO-EtOH (1:1), S y ^ H s C 2) 10% KOH, S / H 3 C CO2H r.t 
Reflux Reflux under N2. under N2, 
under N2’ 93 hr. 16 hr. 
6 hr. 49 50 
O O 
r f i ^ + f T i l 
！ CH3 gcH3 
51 52 
{trans : c/s 〜1.2 : 1) 
Scheme 2 A synthetic route by Ray and co-workers for linearly fused A/B trans- and A/B cis-
furo[3,2-6] and fliro[2,3-6] decalin derivatives. 
1 0 
desired keto acid 50, which was cyclized with a mixture of trifluoroacetic anhydride 
and trifluoroacetic acid to furnish a mixture of trans- 51 and cis- 52 isomers in a ratio 
of 1.2 to 1. 
1.3.2.2 (±)-14-Norfuranoeudesmane-4,5-dione 
0 O 
\ /C〇2H V_yC〇2 
仏 贵 〜 + a 。 c H 3 
53 30 min. 54 55 
O 
\ CO2H X \ CO2CH3 〇 
1 hr. 0 C, 
56 20 min. 57 




Scheme 3 The total synthesis of (±)-l 4-norfaranoeudesmane-4,5-dione by 
Takahashi and co-workers. 
Takahashi and co-workers narrated the synthesis of (±)-14-
norf\iranoeudesmane-4,5-dione (58) in 1978 (Scheme The starting material 
was a dianion 54, which was formed from 2,4-dimethyl-3-fliroic acid (53). Compound 
53 was then allowed to react with 3 -methoxy-2-cyclohexen-1 -one (55) and was 
subsequently acidified with hydrochloric acid to yield an acid 56. Acid 56 was then 
1 1 
methylated with diazomethane to form its corresponding methyl ester 57, which was 
finally transformed to the desired product, (±)-14-norfuranoeudesmane-4,5-dione (58), 
by reaction with lithium dimethylcuprate (I). 
1.3.2.3 Tubipofuran and 15-acetoxytubipofuran 
The first total syntheses of tubipofuran (20) and 15-acetoxytubipofuran (21) 
were achieved in 1994 by Kanematsu and c o - w o r k e r s . 4 3 The procedure depended on 
the establishment of a common intermediate 71 (Scheme 4) which led eventually to 
the two naturally occurring molecules (Scheme 5). 5-Methylcyclohexane-l ,3-dione 
(59) reacted with a sulfur ylide to give evodone 61, which was allowed to undergo 
dehydrogenation to form 62. Benzofuranquinone 63 was obtained from the oxidation 
of 62. Benzofuranoquinone 63 and Danishefsky diene44 (64) were then allowed to 
undergo a Diels-Alder reaction, producing an ortho-endo adduct 65 and a para-endo 
adduct in a ratio of 11:1. The ortho-endo adduct 65 was reduced chemoselectively and 
stereoselectively with sodium borohydride to give compound 66. Ketal 68 was 
obtained from compound 66 via 67 through hydrolysis, elimination and protection. 
Accordingly to the Barton-McCombie radical deoxygenation method,"^ ^ ketal 68 was 
treated with sodium hydride, carbon disulfide, and methyl iodide to provide the 
corresponding xanthate. Radical deoxygenation with tributyltin hydride successfully 
removed the xanthate group and gave compound 69. Reduction of another carbonyl 
group in the same manner yielded compound 70. Deprotection of the ketal 70 with 
dilute hydrochloric acid generated the common intermediate 71. 
Methylation of the common intermediate 71 with methyl iodide and lithium 
diisopropyl amide afforded a mixture of epimers 72 (p-methyl:a-methy 1 = 11:1). 
Reduction of enone 72 with lithium aluminum hydride provided alcohol 73, which 
1 2 
n O 
\ 1,f-BuOK, THF, \ k 
A + 〜 B r - V ^ 
SEt2 2，5% HCI, c / ^ 
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Scheme 4 The synthetic pathway of the common intermediate for the syntheses of 
tubipofuran (20) and 15-acetoxytubipofliran (21). 
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Scheme 5 The synthetic pathway of tubipofuran (20) and 15-acetoxytubipofuran (21) 
from the common intermediate. 
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was dehydrated by using aluminum oxide in a sealed tube at 200''C to furnish the 
desired tubipofliran (20). In the case of 15-acetoxytubipofliran (21), acylation of the 
common intermediate 71 with methyl cyanoformate and lithium diisopropyl amide 
offered p-keto ester 74, which was selectively reduced with sodium borohydride in 
the present of ceriuin(III) chloride, mesylated with methanesulfonyl chloride and 
triethylamine, and treated with l,8-diazabicyclo[5.4.0]undec-7-ene to generate diene 
76. Finally, reduction of the diene 76 with lithium aluminum hydride, acetylation of 
compound 77 with acetic anhydride and pyridine finally gave 15-acetoxytubipofuran 
(21). 
Pedro and co-workers constructed the enantiomerically pure form of (+)-
tubipofliran (20) in 1996 (Scheme 6).46 It was started from santonin (78), which was 
first converted to the hydroxy carboxylate of santonin by 1.5% sodium hydroxide 
solution. Methylation of the carboxyl group with methyl iodide and in situ 
dehydration of the hydroxyl group at C-6 by thionyl chloride provided the 
corresponding trienone 79. Selenium dioxide oxidation of 79 offered the 
corresponding ketol ester 8 0 , w h i c h was then transformed to butenolide 81 by 
treatment with p-toluenesulfonic acid. Hydrogenation of the butenolide 81 with 5% 
palladium on charcoal and ；7-toluenesulfonic acid gave the c/^ -fused ketobutenolide 
82 as a major product in 75% yield.49 In order to reintroduce a double bond between 
C-6 and C-9, ketobutenolide 82 was firstly converted to bromo ketone 83 by treatment 
with bromine. The bromo ketone 83 was dehydrobrominated by treatment with 
lithium carbonate and lithium bromide to provide enone 84. On the other hand, the 
double bond between C-8 and C-9 was introduced in a relatively tedious procedure. 
Reduction of the carbonyl group with sodium borohydride in the present of cerium(III) 
chloride gave the corresponding alcohol 85. The desired diene 86 was then 
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Scheme 6 Synthesis of the enantiomeric form of (+)-tubipofuran (20) by Pedro and co-workers. 
successfully obtained through the formation of two epimeric allylic chlorides by 
reaction with phosphorus oxychloride in the presence of 2,6-lutidine and subsequent 
elimination by lithium carbonate and lithium bromide. Lastly, development of the 
furan ring from the diene 86 was carried out by reduction with diisobutylaluminum 
hydride to yield two epimeric lactols, which were then dehydrated by the disodium 
1 6 
salt of 345-(sulfophenyl)-2-pyridyl]-l,2,4-triazin-5-ylbeiizenesulfonic acid. 
Consequently, formation of the enantiomerically pure form of (+)-tubipofuran (20) 
was achieved, which was proven to be the identical stereocongener with natural 
tubipofliran (20). 
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CHAPTER 2 RESULTS AND DISCUSSION 
2.1 Aim of Present Work 
Tubipofuran (20) and 15-acetoxytubipofuran (21) are sesquiterpenoid 
furanoeudesmanes having the cz^ -configuration between C-5 and C-10 carbons. 
Kanematsu and co-workers achieved the first total syntheses of these two compounds 
from a common intermediate 71 through a B ring B C ring — A B C ring approach 
in 1994.43 Recently, Yick from our laboratory successfully synthesized the raw 
skeleton of sesquiterpenoid furanoeudesmane 87 with C9-C10 unsaturation through a 
C ring + A ring A C ring A B C ring approach.^ ^ It was expected that 87 could be 
converted into the common intermediate 71 which eventually led to the natural 
products tubipofuran (20) and 15-acetoxytubipofiiran (21) after several functional 
group transformations. Furthermore, this approach began with an organosilicon-
organoboron protocol, which was well established in our laboratory.With these 
hints, it is critical to commence with the production of flinctionalized Hagemann's 
ester 89, and tris[4-(trimethylsilyl)furan-3-yl]boroxine from 3,4-
bis(trimethylsilyl)furan. A Suzuki cross-coupling^ "^^ ^ of C ring and A ring, with a 
subsequent Friedel-Crafts acylation, would lead to the formation of B ring and 
provide the starting material 87. Reduction of the double bond to ^ /^ -configuration 
between C-5 and C-10 carbons, and transformation of other function groups in A，B 
and C rings would likely yield the common intermediate 71, as well as achieving the 
formal syntheses of tubipofuran (20) and 15-acetoxytubipofuran (21). Some details of 
this approach are described in the Retrosynthetic Scheme (Figure 8). 
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Figure 8. Retrosynthetic Scheme. 
1 9 
2.2 C ring + A ring -> A C ring -> A B C ring Scheme A 
2.2.1 Preparation of C ring in Scheme A 
Tris[4-(trimethylsilyl)furan-3-yl]boroxine was the precursor of C ring 
in the primary skeleton of sesquiterpenoid furanoeudesmane 87. Several papers from 
our laboratory exemplified the preparation of isolable boroxines and 3,4-disubstituted 
furans Thus, 4-phenyloxazole was synthesized from 2-
bromoacetophenone (90).^ ^ The Diels-Alder reaction between 4-phenyloxazole 
(91)60，63 and bis(trimethylsilyl)acetylene (92)64.65 gave 93 which was the precursor of 
?l ^ ^ Si(CH3)3 D B U . 
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I n // \\ + 
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Scheme 7 Synthetic pathway of 3,4 disubstituted fUran. 
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our synthetic procedure.^ "^^ '^^ "^^ ^ 3,4-Bis(trimethylsilyl)furan (93) was then converted 
to boroxine In addition, formations of 3,4-disubstituted furans (96) (R^ = allyl, 
aryl and benzyl) were also achieved through the isolable boroxines 88 and 95 
(Scheme 7). 
In considering the reactivity and inaccessibility of boron trichloride solution, 
we attempted to synthesize tris[4-(trimethylsilyl)fiiran-3-yl]boroxine by 
another route. Thus, 3,4-bis(trimethylsilyl)fiiran (93) was converted to 4-iodo-3-
(trimethylsilyl)fliran (97) by treatment with iodine and silver trifluoroacetate.^ "^^ '^^ ^ 
Tris[4-(trimethylsilyl)furan-3-yl]boroxine were subsequently obtained by 
treatment of 97 with butyllithium followed by addition of trimethyl borate (Scheme 8). 
However, the yield of the reaction is low, so this route is impossible to be used as an 
alternative to generate tris[4-(trimethylsilyl)furan-3-yl]boroxine 
(H3C)3Si\ Si(CH3)3 CFaCOzAg, | Si(CH3)3 
X i H 
4.5 hr. 
93 97 
C4H9Li, Y ^ S i ( C H 3 ) 3 
_ ) 3 B ’ (CH3)3S O^^^O 
-78。盟 r.t.， / r ' ^ O ^ V o 
15 hr. 0 J ( H 3 C ) 3 S i > 
88 
Scheme 8 Synthetic pathway of tris[4-(trimethylsilyl)furan-3-yl]boroxine. 
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2.2.2 Preparation of A ring in Scheme A 
The precursor of A ring in the primary skeleton of sesquiterpenoid 
furanoeudesmane 87 was the functionalized Hagemann's ester 89 (Scheme 9).5。 
Firstly, methylation of ethyl acetoacetate (98) with methyl iodide and sodium hydride 
proceeded smoothly in 0°C and afforded the desired product ethyl 2-
methylacetoacetate (99) in over 80% yield after purification under vacuum distillation. 
The experiment was carried out at multi-gram scale with no difficulty. 
1,4-Michael addition of the enolate of ethyl 2-methylacetoacetate (99) to 
methyl vinyl ketone (100) at (fC to room temperature (25''C) offered compound 101 
in 70% yield after purification under vacuum distillation.^ ^ This step was performed at 
50-gram scale and provided the essential starting material for cyclization. 
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Scheme 9 Synthetic pathway of the precursor of A ring - functionalized Hagemann's ester. 
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Plieninger and co-workers successfully synthesized 5-keto-ester 102 from the 
cyclization of compound 101.66 During the cyclization of dioxo-ester 101，the desired 
5-keto-ester 102 and the side product P-keto-ester 104 are likely to produced in 
different amount (Figure The relative ratio of these two isomers undoubtedly 
depends on the reaction conditions, kinetics and equilibrium factors. Acid-catalyzed 
cyclization of dioxo-ester 101 would likely lead to the undesired p-keto-ester 104 as a 
major product. On the contrary, the usage of piperidinium acetate or pyrrolidinium 
acetate as catalyst would flimish the desired 5-keto-ester 102 after cyclization.^ '^^^ As 
pyrrolidinium acetate is likely to participate in the intramolecular condensation of an 
enamine with a carbonyl group, the subsequent elimination of water, and the 
hydrolysis of an intermediate iminium ion. Moreover, product equilibration does not 
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Figure 10. Several intermediates during the formation of 5-keto-ester and p-keto-ester. 
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Preferable formation of the desired 6-keto-ester 102 rather than the side 
product p-keto-ester 104 in the presence of piperidinium acetate or pyrrolidinium 
acetate can be rationalized by the fact that intermediate 105 would cyclize much faster 
than intermediate 106 due to its greater steric crowding in the transition state for 
cyclization. What is more, intermediate 105 shows maximum orbital overlap of the 
double bond 7i-electrons with the lone-pair electrons on nitrogen. Intermediate 107 is 
produced after cyclization, and is then trapped in the presence of acetic acid. 
Hydrolysis of the pyrrolidinium go on and dehydration gave the desired 6-keto-ester 
102 (Figure 10). 
In recent years, Gassama and co-workers realized an efficient way for the 
annulation of diketones 108 to 5-keto-ester 109 through the internal Homer-
Wadsworth-Emmons condensation with the help of l,8-diazabicyclo[5.4.0]imdec-7-
ene and lithium chloride (Scheme lO), The efficiency of this reaction can also be 
shown by its 70% yield. 
〇々 P(〇CH2CH3)2 
1^ 9 门 DBU, 6 CO2CH3 
H 3 C 0 2 C 々 o I f o 旧，， 
H3C02C")V 7 _78。cT二。C, 
13 hr. 
108 109 
Scheme 10 Synthesis of Hagemann's ester derivative through Homer-Wadsworth-Emmons 
annulation. 
Bromination of 5-keto-ester 102 with pyridinium bromide perbromide in 
acetic acid gave dibromide 103 as a diastereomeric mixture in a ratio of 2 to l.50’70 
Bromination at C-7 is an undesirable outcome. However, several conditions were 
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examined and led us to the conclusion that the undesirable bromination could not be 
avoided. Protection of enone with ethylene glycol followed by bromination of the 
resulting ketal was also tried, but only a messy mixture was resulted.5。 
Dibromide 103 was unstable in basic conditions, so a direct coupling with 
tris[4-(trimethylsilyl)furan-3-yl]boroxine has never been achieved.^ ^ As a 
result, protection of carbonyl group in dibromide. 103 with ethylene glycol gave the 
functionalized Hagemann's ester 89 as the precursor of A ring. Fortunately, 
compound 89 could underwent Suzuki cross-coupling^ "^^ ^ efficiently. 
2.2.3 Formation of B ring in Scheme A 
When the precursors of A ring and C ring were realized, cyclization of B ring 
was then performed (Scheme 11). Suzuki cross-
coupling57-59 of tris[4-
(trimethylsilyl)furan-3-yl]boroxine with functionalized Hagemann's ester 89 
in aqueous potassium phosphate and tetrakistriphenylphosphine palladium(O) catalyst 
generated compound 110 in good yield. Moreover, compound 110 was produced as a 
diastereomeric mixture in a ratio of 1.5 to 1. Reduction of the bromide substituent in 
compound 110 was tried before the deprotection of ketal group, but several reaction 
conditions (sodium borohydride in hot dimethylsulfoxide, tributylstaimyl hydride and 
AIBN in refluxing toluene or generation of Grignard reagent followed by hydrolysis) 
failed to remove the bromine.^ ^ 
Deprotection of ketal group in compound 110 with 80% acetic acid was 
performed prior to the removal of the bromide substituent. Bromoenone 111 was 
produced as a diastereomeric mixture in a ratio of 9 to 1. Compound 111 decomposed 
readily, and was showed unstable under explosure to air at room temperature, or 
under sunlight. 
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Scheme 11 Synthetic pathways of connection of A ring and C ring, as well as formation of B ring. 
Reformatsky reaction of 111 in the presence of zinc dust in glacial acetic acid 
successfully removed the undesirable bromide substituent, and provided enone 112 in 
87% yield. Protection of enone 112 as ketal with ethylene glycol was tried prior to 
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cyclization. However, it was found that the double bond in A ring was shifted, 
resulting in exo configuration of the double bond, which did not lead to efficient 
cydization.50 Other types of protection were not attempted in this case because the 
double bond migration would undoubtedly occur.5。 
The strategy was adjusted so that reduction of the carbonyl into hydroxyl was 
attempted before cyclization. Thus, reduction of enone 112 proceeded smoothly with 
sodium borohydride, and cerium(III) chloride in ethanol, providing alcohol 113 in 
86% yield as a diastereomeric mixture in a ratio of 2 to 1. 
Finally, the cyclization involved three steps. Thus, base hydrolysis of the ester 
moiety with sodium hydroxide was followed by a Friedel-Crafts acylation, and the 
hydrolysis of the trifluoroacetate intermediate. In this way, a pair of diastereomers 
114 and 115 were furnished. 
Several experiments were attempted in the conversion of the trimethylsilyl 
substituent on the C ring of diastereomers 114 and 115 into a methyl substituent. 
Consequently, initial iodination of 114 and 115 with iodine and silver 
trifluoroacetate51-52,55 followed with methyl group coupling failed. Conversion of 114 
and 115 to the corresponding methyl substituted furan was also attempted to no avail 
by treatment with boron trichloride solution or boron tribromide, and followed by a 
Suzuki cross-coupling57-59 of the corresponding boroxine or boronic acid with methyl 
halide. Moreover, peracid oxidation^ ^ of 114 and 115 was also tried in vain to 
generate the corresponding ketone. Subsequent nucleophilic addition of the ketone 
with methyllithium with dilute hydrochloric acid treatment would likely give the 
desired compounds.，？ Unfortunately, this procedure failed to generate the desired 
intermediate after several trials. 
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Hydrogenation was also attempted to eliminate the alkene in A ring so that an 
investigation of the configuration between C-5 and C-10 of the product could be 
carried out. In this reaction, diastereomers 114 and 115 were hydrogenated over 
palladium on activated carbon and resulted in four different compounds in low yield 
and in an inseparable manner. 
With a pair of cyclized diastereomers 114 and 115 in hand, transformations of 
functional groups in different orders were sought. Dess-Martin periodinane 
oxidation7i-73 turned the pair of diastereomers 114 and 115 into a single enone 116 
(Scheme 12). Signals at 5 5.95 in the ^ H N M R spectrum and 5 207.1 in the ^ C^ N M R 
spectrum indicated the successful formation of the desired compound.^^ The highly 
acidic methylene protons on B ring, however, led to isomer along with 
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Scheme 12 Oxidation of compounds 114 and 115. 
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A couple of trials in the conversion of the trimethylsilyl substituent into 
methyl substituent in C ring were also tried but no positive result was secured. 
Furthermore, peracid oxidation^ ^ of 116 was tried to generate the corresponding 
ketone, but again the conversion failed. 
Compound 117 was furnished by hydrogenation of the a, (3-unsaturated ketone 
116 and its 么“⑴ isomer (Scheme 13). After several attempts to hydrogenate the , 
double bond of compound 116, hydrogenation on Adams' catalyst^ "^ '^ ^ in methanol 
was finally chosen, because it gave better yield and required shorter reaction time 
(Table 2). On the other hand, hydrogenation of 116 on palladium on activated 
carbon43，78 in dichloromethane only resulted in lower yield. Reduction of 116 with 
triethylsilane mediated by copper(I) chloride in 1,3-dimethyl-2-imidazolidinone^ ^ led 
to a very unacceptable yield. Reduction of 116 with zinc chloride, triethylsilane and 
tetrakis(triphenylphosphine)palladium(0)80 in chloroform failed completely. 
O r.t., O 
4.5 hr. 
116 (±)-117 
Scheme 13 Hydrogenation of compound 116. 
Compound 117 was able to form colorless needle-shape crystals from hexane 
and ethyl acetate at -4°C, but melted and turned into colorless oil while returning to 
room temperature. The ^H N M R spectrum of 117 indicated three singlets at 5 0.22, 
1.31 and 7.46, which represented the trimethylsilyl protons, the methyl protons, and 
the furan a-proton, respectively. The proton at C-10 was displayed at 5 1.50, while 
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Table 2 Different conditions for hydrogenation of enone 116 
Entry Catalyst/ Solvent Temperature Time (hr) Yield 
Reagent fC) (%) 
1 10% Pd/C CH3OH 20 18.5 12 
2 10% Pd/C CH3OH 20 5.5 22 
3 10% Pd/C CH2CI2 -78 3 No 
Reaction 
4 10% Pd/C CH2CI2 0 5.5 53 
5 10% Pd/C CH2CI2 20 4 11 
6 10% Pd/C CH3CN 0 3 N o 
Reaction 
7 10% Pd/C CH3CN 20 20 8 
8 Pt02 CH2CI2 -78 4 No 
Reaction 
9 Pt02 CH2CI2 0 6 7 
10 Pt02 CH2CI2 20 21 24 
11 Pt02 CH3OH -78 4 No 
Reaction 
12 Pt02 CH3OH 0 3 11 
13 PtOi CH3OH 20 4.5 59 
14 CuCl D M I 20 24 8 
(C2H5)3SiH 
15 ZnCl2 CHCI3 20 21 No 
(C2H5)3SiH Reaction 
P d ( P P h 3 ) 4 
the protons at C-1 appeared at 5 2.63 and 3.13. A multiplet between 5 2.22 and 2.56 
indicated the presence of other protons. The ^ C^ N M R spectrum showed 14 types of 
carbons. Two carbonyl carbons were formed at 5 188.6 and 210.3. The furan carbons 
appeared at 5 121.1, 139.5，146.2 and 152.8. The trimethylsilyl carbons appeared at 5 
-1.0. The methyl carbon was placed at 5 23.4. The C-1, C-6, C-10, C-7, C-9 and C-5 
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carbons appeared at 6 27.1, 32.8, 38.6, 43.8, 44.7, and 46.7, respectively. The 
elemental analysis and high resolution mass spectrometry agreed with the structure. 
However, the configuration between C-5 and C-10 carbons was not revealed in this 
stage. 
Several experiments were attempted in the conversion of the trimethylsilyl 
substituent on the C ring of compound 117 into a methyl substituent.However, 
no positive result was secured. 
Protection of the carbonyl group on A ring of compound 117 with ethylene 
glycol in refluxing benzene yielded a protected compound 118 with good yield of 
83% (Scheme 14). Compound 118 appeared as colorless needle-shape crystals from 
hexane and ethyl acetate. The structure of 4,5,7,8-tetrahydro-8a-methyl-6,6-(r,3'-
dioxolan-2'-yl)-3Ktrimethylsilyl)naphtho[2,3-Z?]furan-9-one (118) was confirmed by 
an X-ray crystallography study (Figure 11). It is worthy to note that the cis-
configuration between C-5 and C-10 was revealed after hydrogenation on Adams' 
catalyst.74-75 丁 e^ x-ray result clearly pointed out that a unit cell is composed with two 
enantiomers with C-5 proton and C-10 methyl substituent above and below the 
molecular plane in the ratio of 3 to 1. The ^H N M R spectrum of 118 indicated a 
multiplet of 4H between 6 3.79 and 3.91 for the newly formed ketal substituent. The 
u Reflux, O 
15 hr, 
( ± ) - 1 1 7 (土 ) - ” 8 
Scheme 14 Protection of compound 117. 
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Figure 11. ORTEP plot of the enantiomers 4,5,7,8-Tetrahydro-8a-methyl-6,6-( 1' ,3'-
dioxolan-2，-yl)-3-(trimethylsilyl)naphtho[2,3-Z?]fliran-9-one (118). 
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upfield shift of C-6, C-7 and C-9 protons were due to the replacement of the carbonyl 
substituent by a ketal substituent. The rest of the data in the ^H N M R spectrum 
13 
concurred with the structure. Sixteen carbon emissions were shown in the C N M R 
spectrum. Furthermore, the disappearance of 5 210.3 and the appearance of 6 64.1, 
64.2 and 108.8 in the ^ C^ N M R spectrum in comparison with the ^ C^ N M R spectrum 
of compound 117 substantiated the formation of the ketal substituent. The elemental 
analysis also supported the formula of the compound. 
Several experiments were attempted in the conversion of the trimethylsilyl 
substituent on the C ring of compound 118 into a methyl substituent.5i-55，8i-84 
However, no positive result was secured. 
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Scheme 15 Removal of carbonyl substituent in compound 118. 
A three-step Barton-McCombie radical deoxygenation procedure"^ ^ was 
employed to remove the carbonyl on ring B. Thus, reduction of compound 118 with 
lithium aluminum hydride yielded a diastereomeric mixture of alcohol 119，which 
3 4 
was converted to xanthate 120. Tributyltin hydride and AIBN were used to perform 
the free radical reaction in the removal of the xanthate substituent on B ring, 
providing compound 121 (Scheme 15). 
Alcohol 119 and xanthate 120 presented very complex ^ H N M R and ^ C^ N M R 
spectra, due to the fact that their diastereomers could not be separated by column 
chromatography. The formulae of alcohol 119 and xanthate 120 were supported by 
elemental analyses and high resolution mass spectral analyses, respectively. The ^H 
N M R spectrum of 121 indicated three singlets at 6 0.19, 0.98 and 7.14, which 
represented the trimethylsilyl protons, the methyl protons, and the furan a-proton, 
respectively. The ketal substituent showed a multiplet of 4H between 6 3.87 and 4.01. 
The protons at C-4 appeared at 6 2.09. The protons at C-1 appeared as a multiplet 
between 5 2.70 and 2.89. The rest of the protons appeared as a multiplet between 5 
1.36 and 1.92. In comparison of the ^ H N M R spectrum of compound 121 with the ^ H 
N M R spectrum of compound 118, the ^ H N M R spectrum of 121 clearly indicated two 
additional protons between 6 1 and 3.5 for the two newly formed protons at C-4. An 
upfield shift of the furan a-proton of compound 121 was resulted due to the 
disappearance of the deshielding effect induced by the carbonyl substituent on B ring. 
The upfield shift of all protons of compound 121 in comparison with compound 118 
also indicated the absence of carbonyl substituent on B ring. Moreover, the 
disappearance of 5 189.7 and the appearance of 6 37.7 in the ^ C^ N M R spectrum in 
comparison with the ^ C^ N M R spectrum of compound 118 also indicated the removal 
of carbonyl substituent on B ring. Sixteen carbon emissions were shown in the ^ C^ 
N M R spectrum. Lastly, the high resolution mass spectral result also supported the 
formula of the compound. 
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When the carbonyl substituent on B ring was removed, several experiments 
were attempted in the conversion of the trimethylsilyl substituent on the C ring of 
compound 121 into a methyl substituent.Again, no positive result was secured. 
This result led us to devise another route. The whole synthetic scheme was repeated 
with a methyl substituent on C ring, so a subsequent conversion of the trimethylsilyl 
substituent on C ring into methyl substituent was not necessary. The new synthetic 
pathway will be delineated in the following section. 
3 6 
2.3 C ring + A ring -> A C ring A B C ring Scheme B 
2.3.1 Preparation of C ring in Scheme B 
Tris(4-methylf\iran-3-yl)boroxine was the precursor of C ring. 4-
Phenyloxazole was synthesized from 2-bromoacetophenone (90)63. 
Diels-Alder reaction between 4-phenyloxazole and 1-trimethylsilyl-l-
propyne (122) gave 123. 4-Methyl-3-trimethylsilylf\iran was then converted 
to tris(4-methylfuran-3-yl)boroxine (124)52,85 (Scheme 16). 
9 ^ ^ CHs DBU. 
^ - ^ ^ ^ ^ K ^ B r NH4(HC02), ^ n Sealed-tube, 
^ ^ // + ^ 
HCO2H, ^ o 270。C. 
Reflux. Si(CH3)3 
90 91 122 
BCI ^ C H 3 
V C7饿2, 々 B 、 o z B 
0 � H 3 C � 
123 124 
Scheme 16 Synthesis of tris(4-methylfuran-3-yl)boroxine. 
2.3.2 Preparation of A ring in Scheme B 
The precursor of A ring was the functionalized Hagemann's ester 89, because 
it underwent Suzuki cross-coupling^ '^ '^ ^ efficiently and was used in the C ring + A 
ring -> A C ring -> A B C ring approach. The synthesis of the fiinctionalized 
Hagemann's ester 89 was already shown in Scheme 9. 
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2.3.3 Formation of B ring in Scheme B 
When the precursors of A ring and C ring were realized, cyclization of B ring 
was then performed. Suzuki cross-coupling^ "^^ ^ of tris(4-methylfuran-3 -yl)boroxine 
(124)52，85 with ftinctionalized Hagemann's ester 89 in aqueous potassium phosphate 
and tetrakistriphenylphosphine palladium(O) catalyst generated compound 125 
(Scheme 17). The elemental analysis and high resolution mass spectrum agreed with 
the structure of 125. Compound 125 was produced as a diastereomeric mixture in a 
ratio of 7 to 3. Compound 125 exhibited very complex ^ H N M R and ^ C^ N M R spectra. 
^H N M R and ^^ C N M R spectra of compound 125 were similar to compound 
except for the methyl substituent in C ring. The ^H N M R emission of the methyl 
substituent in compound 125 indicated a singlet at 5 1.86 instead of a singlet at 5 0.20 
for the trimethylsilyl substituent in compound 110. The ^^ C N M R emission of the 
methyl substituent in compound 125 appeared at 5 7.8. 
V ^ C H 3 o C ~ 0 Pd(PPh3)4’ H,C 
0.3 A + g i y 「 ^ 
Br^/^Sc"^ J"f’ Y H 3 C C O 2 C H 2 C H 3 
f Y I O A n PH PH Re如X’ 
qJJ / 〜 CO2CH2CH3 21 hr. 
u H3C' 
124 89 125 
Scheme 17 Suzuki cross-coupling of 89 and 124. 
The undesirable homo-coupling appeared when Suzuki cross-coupling^ '^^ ^ of 
tris(4-methylfuran-3-yl)boroxine with functionalized Hagemann's esters 89, 
and led to 4,4 ‘ -dimethy 1-3,3 ‘ -bifuran. The catalytic cycle and mechanism were 
proposed by Poetsch (Figure 12).^ ^ The first formation of palladium-borate complex, 
the electrophilic attack of palladium(II), the four-centered transmetallation, and the 
3 8 
complex disintegration led to the undesirable homo-coupling of alkyl boronates.^ ^ The 
undesirable homo-coupling was solved by the addition of boroxine 124 into a solution 
of compound 89 and catalyst. This method undoubtedly increased the yield of 125. 
X-R2-Y 一 O H 
R1-R1 , 
RI-B(OH)2 Ri J f 
i R厂•？(oh)2 F^i ^ ^ -
V一 aT T 
H0-Pd-R2-Y 
RrPd • B(0H)2 、… , 
��� JK^ J 
- T - 二广 d + � 卜 一 、 
RrB(0H)2 Y-R2-R1 RrB(Oh02 + OH 
Figure 12. Catalytic cycle of Suzuki cross-coupling and undesirable homo-coupling reactions proposed 
by Poetsch. 
Deprotection of ketal group in compound 125 with 80% acetic acid was 
performed prior to the removal of the bromide substituent. Bromoenone 126 was 
produced as a diastereomeric mixture in a ratio of 4 to 1 (Scheme 18). Compound 126 
decomposed readily, under explosure to air at room temperature, or under sunlight. 
Compound 126 presented very complex ^H N M R and ^ C^ N M R spectra. Compound 
126 showed similar ^ H N M R and ^ C^ N M R spectra to compound except for the 
methyl substituent in C ring. The ^H N M R signal of the methyl substituent in 
compound 126 showed a singlet at 5 1.83 instead of a singlet at 5 0.16 for the 
trimethylsilyl substituent in compound 111. The '^ C N M R emission of the methyl 
substituent in compound 126 appeared at 5 7.9. Furthermore, the disappearance of a 
39 
O o ^ 
H 3 V i r i ^ B 「 80% CH3CO2H， H s C y ^ ^ ^ ^ ^ B r 
( O ) H3C CO2CH2CH3 85°C, V H3C CO2CH2CH3 
6 hr. 
125 126 
Scheme IS Deprotection ofketal substituent in compound 125. 
multiplet between 5 4.04 and 4.23 in the ^ H N M R spectrum of 126 in comparison 
with the 1h N M R spectrum of 125 showed the removal of the ketal substituent. The 
disappearance of 6 65.8, 65.9, 66.4, 66.5 and 104.5, and the appearance of 5 190.0 
and 190.8 in the ^^ C N M R spectrum of 126 in comparison with the ^C N M R 
spectrum of compound 125 also indicated the removal of the ketal substituent and the 
formation of the carbonyl substituent. The elemental analysis also supported the 
formula of bromoenone 126. 
Reformatsky reaction of 126 in the presence of zinc dust in glacial acetic acid 
successfully removed the undesirable bromide substituent and provided enone 127 
(Scheme 19). Compound 127 showed similar ^ H N M R and ^^ C N M R spectra to 
compound except the methyl substituent in C ring. The ^ H N M R emission of the 
methyl substituent in compound 127 indicated a long range proton-proton coupling 
with the a-proton of furan and appeared as a doublet at 5 1.86 instead of a singlet at 5 
0.16 for the trimethylsilyl substituent in compound 112. The ^^ C N M R spectrum of 
the methyl substituent in compound 127 appeared at 5 7.8. Moreover, the 
disappearance of a doublet of doublets at 5 4.93 and the appearance of a multiplet 
between 5 2.33 and 2.64 in the ^ H N M R spectrum of 127 in comparison with the ^ H 





Scheme 19 Removal of bromide substituent in compound 126. 
of 6 48.8 and the appearance of 5 34.7 in the ^^ C N M R spectrum of 127 in 
comparison with the ^^ C N M R spectrum of 126 also showed the removal of the 
bromide substituent. The elemental analysis again supported the formula of enone 127. 
Reduction of the carbonyl into hydroxyl was attempted before cyclization. 
Thus, reduction of enone 127 proceeded smoothly with sodium borohydride and 
cerium(III) chloride in ethanol, providing alcohol 128 as a diastereomeric mixture 
(Scheme 20). However, the diastereomeric mixture of 128 could not be separated by 
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column chromatography. Moreover, compound 128 showed similar H N M R and C 
N M R spectra to compound except for the methyl substituent in C ring. The ^ H 
N M R signal of the methyl substituent in compound 128 indicated a singlet at 5 1.86 
instead of a singlet at 5 0.19 for the trimethylsilyl substituent in compound 113. The 
13c N M R signal of the methyl substituent in compound 128 appeared at 5 8.0 instead 
O O H 
O H3C^^CH2CH3 C2H5OH, 〇々）H3C CO2CH2CH3 
^ 2 2 d o°C to r.t, 
4hr. 
127 128 
Scheme 20 Reduction of compound 127. 
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of 5 -0.5 for the trimethylsilyl substituent in compound 113. Furthermore, The 
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disappearance of 5 198.4 and the appearance of 5 65.6 and 65.7 in the C N M R 
spectrum of compound 128 in comparison with the ^ C^ N M R spectrum of compound 
127 indicated the removal of carbonyl substituent and the formation of an alcohol 
substituent. The elemental analysis supported the formula of compound 128. 
The cyclization of compound 128 involved three steps. Thus, base hydrolysis . 
of the ester moiety with sodium hydroxide was followed by a Friedel-Crafts acylation, 
and the hydrolysis of the trifluoroacetate intermediate. In this way, two diasteromers 
129 and 130 was furnished, which were separated by column chromatograpy (Scheme 
21). 
O H 
H3C I.NaOH, C H 3 O H , 
3 Reflux, 24 hr, 
《 0》 H s C ' i ^ c H s C H a 2. TFAA, CH2CI2, 
r.t., 10 hr, 
3. Sat. NaHC〇3，CH3OH, 
r.t.., 2.5 hr. 
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.OH 、\0H 
袖 • " U P 
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Scheme 21 Cyclization of compound 128. 
Diastereomers 129 and 130 showed similar ^ H N M R and ^ C^ N M R spectra to 
compounds 114 and except for the methyl substituent in C ring. The ^ H N M R 
emission of the methyl substituent in compound 129 indicated a singlet at 5 2.00. The 
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1H N M R emission of the methyl substituent in compound 130 showed a long range 
proton-proton coupling with the a-proton of fiiran and indicated a doublet at 5 1.98. 
On the other hand, the ^ C^ N M R emission of the methyl substituent in compound 129 
appeared at 5 7.7 instead of 5 -0.9 for the trimethylsilyl substituent in compound 114. 
Moreover, the disappearance of 5 14.1, 60.8, 60.9 and 176.1, and the appearance of 5 
189.0 and 189.6 in the ^ C^ N M R spectra of compounds 129 and 130 in comparison 
with the 13c N M R spectrum of compound 128 showed the removal of ester 
substituent and the formation of carbonyl substituent. The high resolution mass 
spectra supported the formulae of compounds 129 and 130. With a pair of cyclized 
diastereomers 129 and 130 in hand, transformations of ftmctional groups in different 
order were sought. 
Dess-Martin periodinane oxidation?"〗 converted the pair of diastereomers 
129 and 130 into a single enone 131 (Scheme 22). The highly acidic methylene 
protons on B ring led to a isomer along with compound 131 in the ratio 4 to 1 
during column purification on silica gel. Compound 131 showed similar ^ H N M R and 
i^c N M R spectra to compound except for the methyl substituent in C ring. 
Furthermore, the high resolution mass spectral result supported the formula of 131. 
t f P + 斯 〒 ^ 
O o O 
129 130 131 
Scheme 22 Oxidation of diastereomers 129 and 130. 
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Compound 132 was furnished by hydrogenation of the a,P-unsaturated ketone 
131 and its isomer. Thus, hydrogenation on Adams' catalyst?*-?- in methanol at 
room temperature was chosen (Scheme 23). The ^H N M R spectrum of 132 indicated 
three singlets at 6 1.32, 1.99 and 7.43, which represented the methyl protons, the furan 
3-methyl protons and the furan a-proton, respectively. The proton at C-10 was 
displayed at 5 1.51, while the protons at C-1 appeared at 5 2.66 and 3.04. A multiplet 
between 6 2.23 and 2.59 indicated the presence of other protons. The ^^ C N M R 
spectrum showed 14 types of carbons. Two carbonyl carbons were found at 6 188.5 
and 210.5. The furan carbons appeared at 5 121.4, 135.7, 145.3 and 145.6. The fliran 
3-methyl carbon appeared at 5 7.7. The methyl carbon was placed at 5 24.8. The C-1, 
C-6, C-10, C-1, C-9 and C-5 carbons appeared at 5 23.6, 33.0，38.7, 44.0，44.5, and 
46.8, respectively. Furthermore, compound 132 showed similar ^H N M R and ^^ C 
N M R spectra to compound 117 except for the methyl substituent in C ring. 
1 ^ 。 ^ 書 
u b r.t.， O 
4 hr. 
131 (±)-132 
Scheme 23 Hydrogenation of compound 131. 
The configuration between the proton at C-10 and the methyl substituent at C-
5 of compound 132 was determined by the ^H-^H N O E S Y N M R spectroscopic 
analysis. The c/^ -configuration between the proton at C-10 and the methyl substituent 
4 4 
at C-5 was shown .. because the methyl protons at C-5 (8 1.32) correlated with H20 
and the proton at C-l 0 (8 1.51) (Figures 13 and 14). 
H20 and the proton at C-1 0 , 
8 1.51 (td, J = 13.4 Hz, 5.1 Hz, IH). 
H 













C ~ . '. (1!~ 




_______ . J _____ -L ____ L-____ L ___ ---.JL-
... ,- .... ,-·-.,···-...,....··-l--·T -r--.-·'--r-r-,.--,---"l--r-r-.,.---,-,----rl-..----..-.....- r-"j-'---'._--'---'-.-
g w ~ . ~ ~ 
3 0 ~ 0 ~ 
Figure 13. NOESY spectrum of 4,5,7,8-Tetrahydro-3,8a-dimethy1naphtho[2,3-










Figure 14. Compound 132 with arrows represented N O E enhancements. 
Protection of the carbonyl group on A ring of compound 132 with ethylene 
glycol in refluxing benzene yielded a protected compound 133 (Scheme 24). The ^ H 
N M R spectrum of 133 indicated a multiplet of 4H between 5 3.85 and 3.96 for the 
newly formed ketal substituent. The upfield shift of C-6, C-7 and C-9 protons were 
due to the replacement of the carbonyl substituent by a ketal substituent. The rest of 
the data in ^H N M R spectrum concurred with the structure. Sixteen carbon 
absorptions were shown in the ^ C^ N M R spectrum. Furthermore, the disappearance of 
5 210.5 and the appearance of 6 64.2, 64.3 and 108.9 in the ^ C^ N M R spectrum in 
comparison with the ^^ C N M R spectrum of compound 132 substantiated the 
formation of the ketal substituent. On the other hand, compound 133 showed similar 
^H N M R and ^ C^ N M R spectra to compound 118 except the methyl substituent in C 
ring. The ^ H N M R signal of the methyl substituent in compound 133 indicated a long 
range proton-proton coupling with the a-proton of fiiran and appeared as a doublet at 
5 1.96 instead of a doublet at 5 0.18 for the trimethylsilyl substituent in compound 
118. The 13c N M R emission of the methyl substituent in compound 133 appeared at 5 
4 6 
7.7 instead of 6-1.0 for the trimethylsilyl substituent in compound 118. The elemental 
analysis also supported the formula of the compound. 
u A Reflux, o 
24 hr, 
(±)-132 (±)-133 
Scheme 24 Protection of carbonyl substituent in compound 132. 
A three-step Barton-McCombie radical deoxygenation procedure"^ ^ was 
employed to remove the carbonyl on Ring B. Thus, reduction of compound 133 with 
lithium aluminum hydride yielded a diastereomeric mixture of alcohol 134, which 
O ) H 〇 1 NaH, 
〇 飞 QOC， 〇 H O H 0。C’ 
^ 1 hr. 5 hr. 
(土 ) - 1 3 3 ( ± ) - 1 3 4 
H3。必)1 尝 H W ) 
H3CSSCO H 習：， 
(±)-135 (±)-136 
Scheme 25 Removal of carbonyl substituent in compound 133. 
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was converted to xanthate 135. Tributyltin hydride and AIBN were used to perform 
the free radical reaction in the removal of the xanthate substituent on B ring, 
providing compound 136 (Scheme 25). Alcohol 134 and xanthate 135 presented very 
complex ^ H N M R and ^ C^ N M R spectra, due to the fact that their diastereomers could 
not be separated by column chromatography. The formulae of alcohol 134 and 135 
were supported by elemental analyses and high resolution mass spectral analysis, 
respectively. 
The 1h N M R spectrum of compound 136 indicated three singlets at 5 0.97, 
1.90 and 7.04, which represented the methyl protons, the fliran P-methyl protons and 
the fiiran a-proton, respectively. The ^ H N M R spectrum of compound 136 exhibited a 
multiplet of 4H between 5 3.84 and 4.03 for the newly formed ketal substituent. The 
protons at C-4 appeared at 5 2.01, while the protons at C-1 appeared at 5 2.62 and 
2.78. A multiplet between 5 1.37 and 1.92 indicated the presence of other protons. An 
upfield shift of the fiiran a-proton of compound 136 was found due to the 
disappearance of the deshielding effect caused by the carbonyl substituent on B ring. 
In comparison of the ^ H N M R spectrum of compound 136 with the ^ H N M R spectrum 
of compound 133, the ^ H N M R spectrum of 136 clearly indicated two additional 
protons between 5 1 and 3.5 for the two newly formed protons at C-4. Moreover, the 
upfield shift of all protons of compound 136 in comparison with compound 133 also 
indicated the removal of carbonyl substituent on B ring. The disappearance of 5 189.6 
13 
and the appearance of 5 37.7 in the ^ C^ N M R spectrum in comparison with the C 
N M R spectrum of compound 133 also substantiated the removal of the carbonyl 
substituent on B ring. On the other hand, compound 136 showed similar ^ H N M R and 
13。NMR spectra to those compound 121 except for the methyl substituent in C ring. 
The ^ H N M R emission of the methyl substituent of compound 136 showed a singlet at 
4 8 
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5 1.90 instead of 5 0.19 for the trimethylsilyl substituent in compound 121. The C 
N M R signal of the methyl substituent of compound 136 appeared at 6 8.1 instead of 5 
-0.7 for the trimethylsilyl substituent in compound 121. The high resolution mass 
spectral result also supported the formula of compound 136. 
Compound 137 was furnished by a dilute acid deprotection of the ketal 
substituent in compound 136 (Scheme 26). The experiment was done with great 
precaution because compounds 136 and 137 decomposed readily upon heating. 
Several experiments were attempted to deprotect the ketal substituent, such as dilute 
acetic acid in room temperature or at oil bath temperature of 85®C. However, no 
positive result was obtained. Eventually, the ketal group was removed upon treatment 




Scheme 26 Deprotection of compound 136. 
The ^H N M R spectrum of compound 137 exhibited three singlets in 6 1.14, 
1.93 and 7.17, which represented the methyl protons at C-5, the furan p-methyl 
protons, and the fliran a-proton, respectively. The disappearance of a multiplet 
between 5 3.84 and 4.03 in the ^ H N M R spectum of compound 137 indicated the 
removal of the ketal substituent. Furthermore, the downfield shift of C-7 and C-9 
protons were due to the replacement of the ketal substituent by a carbonyl substituent. 
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The disappearance of 6 64.1, 64.2 and 109.5 and the appearance of 5 211.7 in the ^ C^ 
N M R spectrum of compound 137 also showed the removal of the ketal substituent 
and the formation of a carbonyl substituent. The high resolution mass spectral result 
also supported the formula of compound 137. 
o-Iodoxybenzoic acid should be able to convert 137 into compound 71 
(Scheme 27).^ ^ After this oxidation, a compound was obtained with the appearance of . 
V ^ ^ ^ V PhCHs-DMSO Y 
O 65。C， U 
36 hr. 
(土)-137 (±)-71 
Scheme 27 Alkene formation of compound 137。 
two doublets at 6 5.93 and 6.84 in its crude ^ H N M R spectral analysis of compound 
71 indicated an alkene formation. The appearance of two singlets at 5 1.97 and 5 7.09 
showed the furan P-methyl protons and the furan a-proton, respectively. A low 
resolution mass spectral result indicated the molecular weight of 216 as a preliminary 
confirmation of the compound. The overall reaction yield was very low, so that no 
concrete evidence for the formation of 71 could be obtained. It is worthy to note that 
71 was the key intermediate in Kanematsu's synthesis^ ^ of tubipofuran (20) and 15-
acetoxytubipofliran (21) (Schemes 4 and 5). 
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CHAPTER 3 CONCLUSION 
Compound 137 was successfully prepared through a C ring + A ring — A C 
ring — A B C ring approach. It may eventually lead to the natural products tubipofuran 
(20) and 15-acetoxytubipofliran (21) after several functional group transformations 
. 43 
exactly identical to the procedures developed by Kanematsu. The routes so far 
established proved that our own organosilicon-organoboron protocol was useful in the 
synthesis of sesquiterpenoid furanoeudesmanes. 
Compound 121 with a fiiran p-trimethylsilyl substituent in C ring was made 
through an eleven step procedure starting from compounds 88 and 89 (Schemes 11-
15). During the route towards the target, an X-ray crystallography analysis of 
compound 118 confirmed the cz>configuration between the C-5 and C-10 carbons 
(Figure 11). On the other hand, Compound 137 with a furan p-methyl substituent in C 
ring required twelve steps for its realization, starting from compounds 89 and 124 
(Schemes 17-27). The ^H-^H N O E S Y N M R spectroscopic analysis also proved that 
compound 132 was of c/^ -configuration between the C-5 and C-10 carbons (Figures 
13-14). 
The formal syntheses of tubipofuran (20) and 15-acetoxytubipofliran (21) 
were not completed. It is hoped that compound 137 could serve as a pivatol 
compound towards the realization of 20 and 21. 
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CHAPTER 4 EXPERIMENTAL SECTION 
General information 
All analytical graded reagents and solvents were chosen, further purification and 
drying by standard methods were followed whenever necessary. Rotary evaporators 
were good for the evaporation of organic solvents. Column chromatography was 
performed on E. Merck silica gel (230-400 mesh) or Qingdao Haiyang silica gel (200-
300 mesh). Thin-layer chromatography (TLC) was performed on E. Merck silica gel 
60 F254 (0.25 m m thickness) precoated on aluminum plates. Compounds on TLC plate 
were visualized under both long (365 nm) and short (254 nm) U V light, a spray of 5% 
w/v dodecamolybdophosphoric acid in ethanol with subsequent heating, and a spray 
of 5% w/v potassium permanganate in 1% v/v sulphuric acid solution. 
Melting points were measured on a Reichert Microscope apparatus and were 
uncorrected. N M R spectra were recorded on a Bruker DPX-300 spectrometer (75.47 
MHZ for ^^ C and 300.13 M H z for ^H). All samples were prepared at room 
temperature in deuterated chloroform solution. Chemical shifts are stated as parts per 
million (ppm) and in 5 unit relative to the resonance of CDCI3 (7.26 ppm in ^ H and 
77.00 ppm for the central line of the triplet in ^ C^ mode, respectively). Coupling 
constants (J) are displayed in Hz. Abbreviations (s, singlet; d，doublet; t，triplet; q, 
quartet; m, multiplet) for corresponding splitting patterns are used. ^ H N M R are 
reported in this order: chemical shift; multiplicity; coupling constants(s); number(s) of 
proton. Mass spectra (EIMS and H R M S ) attained with a HP 5989B spectrometer at 
70eV ionizing voltage. Elemental analyses were examined either at M E D A C LTD, 
United Kingdom or at Shanghai Institute of Organic Chemistry, The Chinese 
Academy of Sciences, China. X-ray analyses were obtained by SHELXTL PLUS (PC 
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Version) with P4 X-ray four circle diffractometer. 
2-Bromoacetophenone (90).^ ^ To a solution of acetophenone (772.52 g, 6.43 mol) in 
glacial acetic acid (1200 mL) stirred under ice water bath 0。C, was added bromine 
(331.35 mL, 6.43 mol) for 3 hr at S-IO'^ C. The reaction mixture was then poured into 
ice water. After filtration, pale yellow solids were washed with ice water, and dried. 
Further purification by recrystallization from ethanol yielded 90 (691.08 g, 54%) as 
white solids; m.p. 47-49°C [lit.'' m.p. 48-51^0]; ^ H N M R (CDCI3) 5 4.46 (s, 2H), 
7.46-7.51 (m, 2H), 7.57-7.63 (m, IH), 7.96-7.99 (m, 2H). 
4-Phenyloxazole A mixture of 90 (392.23 g, 1.97 mol), ammonium formate 
(431.39 g, 6.84 mol), and formic acid (1600 mL) was refluxed for 4 hr. Upon removal 
of formic acid under reduced pressure, the residue was then neutralized to pR 8 by 
saturated N a O H solution, extracted with EiiO (3 x 1000 mL). The combined organic 
layer was dried over MgSC^，and concentrated under reduced pressure. Vacuum 
distillation at 68-94"C / 0.1 m m H g [lit.^^ b.p. 57-60°C / 0.6 mmHg] gave a pale 
yellow oil. Further purification by column chromatography on silica gel (1250 g, 
hexane-EtiO, 6:1) gave 91 (94.40 g, 33%) as a colorless oil; ^ H N M R (CDCI3) 5 
7.22-7.41 (m, 3H), 7.72-7.75 (m, 2H), 7.87 (s, IH), 7.89 (s, IH). 
Bis(trimethylsilyl)acetylene To a stirred mixture of ethyl bromide (218.02 g, 
2.01 mol), magnesium (50.03 g，2.06 mol) in THF (1200 mL) was passed through a 
stream of acetylene gas at 25°C for 6 hr. Chlorotrimethylsilane (217.13 g, 1.99 mol) 
was then added dropwise for 3.5 hr. The reaction was then stirred for 8 hr. A cold 
saturated NH4CI solution (600 mL) was subsequently added to the reaction mixture 
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under ice bath 0°C. Organic layer was then washed with cold saturated NH4CI 
solution, dried over MgSCU. Further purification by distillation at 136-138°C / 760 
m m H g [lit.似 b.p. 136-137^C / 760 mmHg] delivered 92 (122 g，71%) as a colorless 
oil; 1h N M R (CDCI3) 5 0.18(d, J=3.0 Hz, 18H). 
3,4-Bis(trimethylsilyl)furan A mixture of 91 (14.52 g, 0.1 mol)，92 (17.04 
g, 0.1 mol), and l,8-diazabicyclo[5.4.0]undec-7-ene (2.28 g, 0.02 mol) was placed in 
a sealed-tube and then heated to 11 议C for 7 days. Vacuum distillation of the reaction 
mixture at 40-60^C / 28 m m H g [lit? b.p. 30-32°C / 0.6 mmHg] and further 
purification of the distillate by column chromatography on silica gel (450 g, hexane) 
gave 93 (15.72 g, 74%) as a colorless oil; ^H N M R (CDCI3) 6 0.26 (s, 18H), 7.40 (s， 
2H). 
4-Methyl-3-trimethylsilylfuran A mixture of 91 (21.34 g, 0.15 mol), 1-
trimethylsilyl-1 -propyne (15.02 g，0.13 mol), and l,8-diazabicyclo[5.4.0]undec-7-ene 
(3.05 g, 0.02 mol) was placed in a sealed-tube and then heated to 270。C for 7 days. 
Vacuum distillation of the reaction mixture at 30-47''C / 28 m m H g [lit? bath 
temperature 30-60。C / 65-80 pa] and further purification of the distillate by 
chromatography on silica gel (620 g, pentane) offered 123 (14.59 g, 71%) as a 
colorless oil; ^ H N M R (CDCI3) 5 0.16 (s, 9H), 2.00 (s, 3H), 7.16 (s, 2H). 
Tris[4-(trimethylsilyl)furan-3-yl]boroxme To a solution of 93 (15.02 g, 
70.75 mmol) in anhydrous CH2CI2 (408 mL) was added a solution of BCI3 (1.0 M ) in 
CH2CI2 (92 mL) at under nitrogen atmosphere. The reaction mixture was 
allowed to stir at -78°C for 6 hr, quenched with saturated NaiCOa solution until10. 
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After returning to 27。C, the reaction mixture was extracted with Et20 (3 x 250 mL), 
the combined organic layer was dried over MgS04, and the solvent was evaporated 
under reduced pressure. The residue was column chromatographed on silica gel (315 
g, hexane-EtOAc, 3:2) to furnish 88 (9.28 g, 79%) as colorless crystals; m.p. 
167-168。C [lit52 m.p. 167-168。C]; ^ H N M R (CDCI3) 6 0.37 (s, 27H), 7.43 (d，J二 1.0 
Hz, 3H), 8.19 (d, J =1.0 Hz, 3H). 
Tris(4-methylfuran-3-yl)boroxine To a solution of 123 (21.97 g, 0.14 mol) 
in anhydrous CH2CI2 (640 mL) was added a solution of BCI3 (1.7 M ) in CH2CI2 (242 
mL) at -78。。under nitrogen atmosphere. The reaction mixture was allowed to stir at -
78。C for 6 hr, quenched with saturated NaiCOs solution until p R 10. After returning 
to 2TC, the reaction mixture was extracted with EtzO (3 x 500 mL), the combined 
organic layer was dried over MgSCU，and the solvent was evaporated under reduced 
pressure. The residue was column chromatographed on silica gel (400 g, hexane-
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EtOAc, 2:1) to afford 124 (10.29 g，67%) as semi solids, m.p. 130-131。C [lit. m.p. 
130-13rC]; i H N M R (CDCI3) 5 2.23 (s, 9H), 7.23 (s, 3H), 7.90 (d, J= 1.0 Hz, 3H). 
Ethyl l,2-dimethyl-4-oxocyclohex-2-ene-l-carboxylate (102).^ ^ A solution of ethyl 
2-acetyl-2-methyl-5-oxo-hexanote^^ (67.80 g, 0.32 mol), piperidine (15.65 mL, 0.16 
mol), glacial acetic acid (18.11 mL, 0.32 mol), and anhydrous benzene (787 mL) was 
refluxed for 24 hr with a Dean-Stark apparatus. After cooling to room temperature, 
the reaction mixture was then washed with water (700 mL), brine (700 mL), and dried 
over MgS04. Upon removal of solvent under reduced pressure, the residue was 
purified by vacuum distillation at 102-108"C / 0.1 m m Hg [lit.^^ b.p. IIO'C / 0.4 
nrniHg] to deliver a pale yellow oil. Further purification by column chromatography 
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Ethyl 5-bromo-2-bromomethyl-4-(l,3-dioxolaii-2-yl)-l-methyl-cyclohex-2-ene-l-
carboxylate (89).^ ^ A solution of 103 (189.44 g, 0.54 mol), anhydrous benzene (1250 
mL), ethylene glycol (300.03 mL, 5.35 mol), and jc>-toluenesulfonic acid monohydrate 
(61.07 g，0.32 mmol) was refluxed for 45 hr with a Dean-Stark apparatus. After 
cooling to room temperature, the reaction mixture was diluted with EtOAc (1000 mL), 
then washed successively with saturated NaHCOs solution (1200 mL), water (1200 
mL), and brine (1200 mL). The organic solution was dried over MgSCU. After 
removal of solvent under reduced pressure, the residue was purified by column 
chromatography on silica gel (1200 g, hexane-EtOAc, 5:1) to furnish 89 (187.46 g, 
88%) as a colorless oil, which consisted of a pair of diastereomers. N M R data of the 
major component: ^ H N M R (CDCI3) 6 1.27 (t, 7.2 Hz, 3H), 1.44 (s, 3H)，2.32 (t, J 
=13.8 Hz, IH), 2.59 (dd, J = 13.5 Hz, 3.6 Hz, IH), 3.78—4.29 (m，7H), 4.56 (dd, J = 
13.8 Hz, 3.6 Hz, IH), 5.90 (s, IH); ^ 'C N M R (CDCI3) 5 14.0, 23.8, 31.0, 43.6, 48.4, 
51.8, 61.7, 66.1, 104.2, 131.1, 138.9, 173.6; N M R data of the minor component: ^ H 
N M R (CDCI3) 5 1.27 (t, J二 7.2 Hz, 3H)，1.49 (s, 3H), 2.25 (dd, J= 13.2 Hz, 3.3 Hz, 
IH), 2.82 (t, J二 13.2 Hz’ IH), 3.78-4.29 (m, 7H), 4.36 (dd, J二 12.9 Hz, 3.6 Hz, IH), 
5.90 (s, IH); 13c N M R (CDCI3) 5 14.0, 22.2, 30.3, 42.7, 48.9, 51.0, 61.7, 65.9, 66.5, 
104.1, 130.4, 140.1, 173.6. 
Ethyl 5-bromo-4Kl%3'-dioxolan-2'-yl)-l-methyl-2-[4-(trimethylsilyl)furan-3-
yl]methylcyclohex-2-ene-l-carboxylate (llO).，。A mixture of 89 (23.98 g，60.22 
mmol), 88 (9.99 g, 20.07 mmol), Pd(PPh3)4 (2.32 g, 2.01 mmol) in THF (114 mL) and 
an aqueous solution of 2 M K3PO4 solution (271 mL) was refluxed under N2 over 6 hr. 
THF was evaporated under reduced pressure after filtration. The aqueous residue was 




with brine (600 mL), dried over MgSCU，and concentrated under reduced pressure. 
The residue was column chromatographed on silica gel (300 g, hexane-EtOAc, 9:1) to 
afford 110 (18.46 g, 67%) as a colorless oil, which consisted of a pair of 
diastereomers in the ratio of 2:1; Data of the major component: ^ H N M R (CDCI3) 6 
0.20 (s, 9H), 1.27 (t, J二 7.2 Hz, 3H), 1.37 (s, 3H), 2.34 (t, J= 13.5 Hz, IH)，2.60 (dd, 
J = 13.5 Hz, 3.6 Hz, IH), 3.14 (d, J = 17.4 Hz, IH)，3.24 (d, J = 17.4 Hz, IH), 
3.94-3.97 (m, 2H), 4.10-4.21 (m, 4H)，4.66 (dd，J二 13.8 Hz, 3.6 Hz, IH), 5.23 (t, J = 
1.5 Hz, 2H), 7.25 (s, IH), 7.27 (s, IH); ^ ^C N M R (CDCI3) 5 -0.5, 14.1, 24.4, 27.8, 
43.7，48.9, 52.9, 61.4, 65.9, 66.3, 104.6, 119.5, 124.7, 126.5, 141.8，142.1, 148.5, 
174.0; Data of the minor component: ^ H N M R (CDCI3) 6 0.20 (s, 9H), 1.26 (t, J= 12 
Hz, 3H), 1.44 (s, 3H), 2.23 (dd, J = 13.2 Hz, 3.6 Hz, IH), 2.92 (t, J= 13.5 Hz, IH), 
3.07 (s, 2H), 3.94-3.97 (m, 2H), 4.10-4.21 (m, 4H), 4.41 (dd, J = 13.8 Hz, 3.6 Hz, 
IH), 5.17 (t, J = 1.5 Hz，IH), 7.25 (s, IH), 7.27 (s, IH); ^ 'C N M R (CDCI3) 5 -0.5, 
14.1, 21.6，27.6, 43.0, 49.7, 52.2, 61.4，65.7，66.4, 104.5, 119.5，124.4, 125.3, 141.8, 
143.0, 148.5, 174.0. 
Ethyl 5-bromo-l-methyl-4-oxo-2-(4-trimethylsilylfuran-3-yl)methylcyclohex-2-
ene-l-carboxylate (111).;。A solution of 110 (13.46 g, 29.43 mmol) in 80% acetic 
acid (170 mL) was heated under N2 to an oil bath temperature of SS^ 'C for 3.5 hr. 
After removal of acetic acid in vacuo, the residue was purified by column 
chromatography on silica gel (350 g，hexane-EtOAc, 9:1) to offer 110 (9.34 g，77%) 
as a colorless oil, which consisted of a pair of diastereomers in a ratio of 9:1; Data of 
the major component: ^ H N M R (CDCI3) 5 0.16 (s, 9H), 1.29 (t，J 二 7.2 Hz, 3H), 1.52 
(s，3H), 2.41 (t, J= 13.5 Hz, IH), 2.95 (dd, J二 13.5 Hz, 5.1 Hz, IH), 3.46 (s, 2H), 
4.22 (q, J二 7.2 Hz, 2H)，4.98 (dd, J= 14.5 Hz, 5.4 Hz, IH), 5.78 (s, IH), 7.24 (s, IH), 
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7.28 (d, J = 0.9 Hz, IH); ^ ^C N M R (CDCI3) 6 -0.6, 14.0, 24.1, 29.2, 45.7, 48.8, 49.4, 
62.1, 119.4’ 122.8, 126.7, 141.9，148.8，163.4, 172.4，190.0; Data of the minor 
component: ^ H N M R (CDCI3) 5 0.17 (s，9H), 1.29 (t, J = 7.2 Hz, 3H), 1.57 (s, 3H), 
2.47-2.60 (m, IH), 3.01-3.08 (m，IH), 3.20-3.41 (m, 2H), 4.22 (q, 7.2 Hz, 2H), 
4.58-4.74 (m, IH), 5.78 (s, IH), 7.24 (s, IH), 7.28 (d, J 二 0.9 Hz, IH); ^ 'C N M R 
(CDCI3) 5 -0.6, 13.9, 22.9，29.0, 44.2, 47.1, 49.4, 62.0, 119.2, 122.6, 125.7, 141.9, 
148.9, 165.0, 172.9, 190.6. 
Ethyl l-methyl-4-oxo-2-(4-trimethylsilylfuran-3-yl)methylcyclohex-2-ene-l-
carboxylate (112).^ ^ To a stirred solution of 111 (9.34 g, 22.60 mmol) in glacial 
acetic acid (103.49 mL), zinc dust (3.69 g，56.50 mmol) was added, and stirred 
continuously under N2 for 2 h at 20°C. After filtration, acetic acid was evaporated in 
vacuo, the residue was purified by column chromatography on silica gel (250 g, 
hexane-EtOAc, 9:1) to give 112 (6.57 g, 87%) as a colorless oil; ^H N M R (CDCI3) 5 
0.16 (s, 9H), 1.27 (t, J= 7.2 Hz, 3H), 1.49 (s, 3H), 1.93-2.01 (m, IH), 2.38-2.56 (m, 
3H)，3.40 (s, 2H), 4.15-4.23 (m, 2H), 5.66 (s, IH)，7.23 (s, IH), 7.26 (d, J二 1.2 Hz, 
IH); 13c N M R (CDCI3) 5 -0.6，14.1, 22.7, 29.2, 34.2, 34.6，47.2, 61.5, 119.3, 123.1, 
128.0, 141.8, 148.7, 163.8, 173.9, 198.1. 
Ethyl l-methyl-4-hydroxy-2-(4-trimethylsilylfuran-3-yl)methylcyclohex-2-ene-l-
carboxylate (113).^ ^ To a solution of 112 (6.57 g, 19.64 mmol) in absolute ethanol 
(57 mL) under N2 at CeCb (7.26 g, 29.46 mmol) and NaBH4 (1.49 g, 39.28 
mmol) were added accordingly. The reaction mixture was then stirred at 20。C, kept 
stirring for another 2 hr, and quenched with saturated aqueous NH4CI solution (250 
mL). The aqueous portion was extracted with EtOAc (3 x 300 mL). The combined 
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organic portion was washed with brine (500 mL), dried over MgSCU, and 
concentrated under reduced pressure. The residue was then purified by column 
chromatography on silica gel (150 g，hexane-EtOAc, 2:1) to yield 113 (5.65 g, 86%) 
as a colorless oil; Compound 113 showed very complex ^H N M R and ^^ C N M R 
spectra due to the presence of a pair of diastereomers; Data of the major component: 
iH N M R (CDCI3) 6 0.19 (s，9H), 1.22-1.29 (m, 3H), 1.32 (s, 3H), 1.44—1.80 (m, 3H), 
1.80-2.01 (m, IH), 2.12-2.27 (m, IH), 3.15 (s, 2H), 4.06-4.26 (m, 3H), 5.37 (t, J = 
1.5 Hz, IH), 7.24 (d，J= 0.3 Hz, 2H); ''C N M R (CDCI3) 5 -0.5, 14.2, 23.3, 28.2, 28.4, 
32.5, 46.7, 60.4, 60.9, 65.8, 119.6, 125.3, 128.4, 141.7, 148.3, 176.1; Data of the 
minor component: ^ H N M R (CDCI3) 5 0.19 (s, 9H), 1.22-1.29 (m，3H)，1.39 (s, 3H), 
1.44-1.80 (m, 3H), 1.80—2.01 (m, IH), 2.01-2.12 (m, IH), 3.15 (s, 2H), 4.06-4.26 (m, 
3H), 5.35 (t, J二 1.5 Hz, IH), 7.23 (d, J二 0.3 Hz, 2H); ^ 'C N M R (CDCI3) 5 -0.5, 14.2, 
23.2, 28.2, 28.7, 32.2, 46.4, 60.4, 60.8, 65.8, 119.6, 125.2, 128.2, 141.7, 148.3, 176.0. 
6，7，8，8a-Tetrahydro-6-hydroxy-8a-methyl-3-(trimethylsilyl)naplitho[2，3-Z>Ifuran-
9(4Z0-one (114 and 115).^ ^ To a solution of 113 (5.65 g, 16.80 mmol) in M e O H (126 
mL), an aqueous solution of 2 M N a O H (42 mL) was added slowly under N2. The 
reaction mixture was then refluxed for 24 hr, diluted with water (50 mL), and washed 
with CH2CI2 (100 mL). The aqueous layer was acidified with 3 N HCI to pU 4, and 
extracted with CH2CI2 (3 x 250 mL). The combined organic layer was dried over 
MgSCU, concentrated and dried under reduced pressure for 10 hr. The residue was 
dissolved in anhydrous CH2CI2 (84 mL), trifluoroacetic anhydride (7.12 mL, 50.39 
mmol) was added slowly. After stirring under N2 at 20°C for 10 hr, saturated NaHCOs 
solution (200 mL) was used to quench the reaction mixture. The aqueous layer was 








； brine (500 mL), and dried over MgS04. After removal of solvent under reduced 
I 
j pressure, the residue was dried in vacuo for 1 hr, and then redissolved in M e O H (50 
！ 
\ mL) and saturated NaHCOs solution (5 mL). After stirring under Ni at 20''C for 1.5 hr, 
I 
j the reaction mixture was diluted with water (100 mL) and extracted with EtiO (3 x 
i 
\ 200 mL). The combined organic layer was then dried over MgSCU, concentrated 
s 
I 
• under reduced pressure, and subsequently purified by column chromatography on 
i silica gel (100 g, hexane-EtOAc, 3:1) to produce 114 (0.83 g, 17%) and 115 (1.47 g, 
I 31%) as a colorless oil; N M R data of 114: ^ H N M R (CDCI3) 6 0.28 (s, 9H)，1.27 (s, 
I 3H), 1.49-1.67 (m, 3H)，1.87-1.94 (m, IH), 2.36-2.44 (ddd, J = 13.5 Hz, 11.7 Hz, 
I 
I 2.4 Hz, IH), 3.24 (d, J二 18.0 Hz, IH), 3.68 (dt, J = 18.0 Hz, 2.1 Hz, IH)，4,20-4.21 
！ (m, IH), 5.74 (t, J二 2.4 Hz, 1 H), 7.43 (s，IH); ''C N M R (CDCI3) 6 -0.9, 24.1, 26.3, 
29.3, 30.8, 47.7, 65.4, 119.9, 128.1, 140.4, 140.6, 147.1, 152.3, 189.1; N M R data of 
i 115: iH N M R (CDCI3) 6 0.27 (s, 9H), 1.33 (s, 3H), L55-1.60 (m，IH), 1.94—2.01 (m， 
I 
3H), 2.04 (br. s, IH), 3.22 (d, J = 18.3 Hz, IH), 3.63 (dt, J 二 18.3 Hz, 2.1 Hz, IH), 
4.18-4.21 (m, IH), 5.67 (s, IH), 7.43 (s, IH); ^ 'C N M R (CDCI3) 6 -0.9, 24.0, 27.9, 
I 29.1, 30.6, 47.5, 66.4, 119.8, 128.6, 139.6, 140.6, 146.9, 152.4, 189.8. 
Preparation of Dess-Martin periodinane:^ "^^ ^ 
l-Hydroxy-l,2-benziodoxol-3(l/0-one 1-Oxide. To a stirred mixture of 2-
1 
iodobenzoic acid (43.07 g, 0.17 mol) in an aqueous solution of 0.73 M H2SO4 (500 
! 
mL) was added potassium bromate (38.49 g, 0.23 mol) over 30 min at oil bath 
temperature of 55®C. The reaction mixture was allowed to stir for a further 3.6 hr at 
67®C then cooled with ice water bath O'^ C. After filtration, the residue was washed 
i ‘ , 
with ice cold (0°C) water (700 mL) and absolute ethanol (2 x 50 mL) to provide 1-




l,l,l-Triacetoxy-l,l-dihydro-l,2-benziodoxol-3(l^-one. A mixture of 1-hydroxy-
i 
1,2-benziodoxol-3(l^-one 1-oxide (29.34 g, 104.83 mmol), ；7-toluenesulfonic acid 
monohydrate (0.56 g, 2.93 mmol), and acetic anhydride (120 mL) was heated while 
stirring at oil bath temperature of 80。C for 2 hr. The reaction mixture was 
subsequently cooled with ice water bath 0°C. After filtration, the residue was washed 
with anhydrous EtiO (4 x 25 mL) to produce the Dess-Martin periodinane (38.67 g， 
87%) as white crystalline solids; m.p. 132-135。C [lit^ ^ m.p. 134°C]. 
73-Dihydro-8a-methyl-3-(trimethylsilyl)naphtho[2,3-^]furan-6(4^,9(8aZ0-
dione (116).50 A solution of 114 and 115 (2.43 g，8.33 mmol), anhydrous CH2CI2 
(500 mL), and Dess-Martin periodinane (5.30 g, 12.50 mmol) was stirred under N2 at 
20。C for 4 hr, and then quenched with saturated NaHCOs solution (300 mL). The 
aqueous layer was extracted with EtiO (3 x 350 mL). The combined organic layer was 
dried over MgSCU and concentrated under reduced pressure. The residue was column 
chromatographed on silica gel (95 g, hexane-EtOAc, 4:1) to give 116 (1.97 g, 82%) as 
a colorless oil, which consists of a 么“⑴ isomer in the ratio of 4:1; Data of the major 
component: ^H N M R (CDCI3) 5 0.29 (s, 9H), 1.49 (s, 3H), 2.26-2.40 (m, 3H), 
2.48-2.53 (m，IH), 3.48 (d, J二 19.5 Hz, IH), 3.90 (dd, J= 19.5 Hz, 2.1 Hz, IH), 5.96 
(d, J = 1.8 Hz, IH), 7.52 (s, IH); Compound 116 showed very complex ^^ C N M R 
spectra due to the presence of a pair of diastereomers . 
4,5,7,8-Tetrahydro-8a-methyl-3-(trimethylsilyl)naphtho[23-Z>]furan-
6(4fi0，10(8a/0-(lione (117). A solution of 116 (1.97 g, 6.82 mmol) in M e O H (170 
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I 
mL) was hydrogenated from a hydrogen balloon over platinum (IV) oxide (0.17 g， 
0.68 mmol). After stirring for 4.5 hr, the reaction mixture was filtered, washed with 
EtOAc (30 mL) and hexane (30 mL). Upon removal of solvent under reduced 
pressure, the residue was purified by column chromatography on silica gel (37 g, 
hexane-EtOAc, 3:1) to afford 117 (1.16 g，59%) as a colorless oil; ^ H N M R (CDCI3) 6 
0.22 (s, 9H), 1.31 (s, 3H), 1.50 (td, J= 13.3 Hz, 5.2 Hz, IH), 2.22-2.56 (m, 6H), 2.63 
(dt, J = 13.5 Hz, 4.5 Hz, IH)，3.13 (dd, J = 17.3 Hz, 4.5 Hz, IH), 7.46 (s，IH); ^ C^ 
N M R (CDCI3) 5 -1.0, 23.4，27.1, 32.8, 38.6, 43.8, 44.7, 46.7, 121.1, 139.5, 146.2, 
152.8, 188.6，210.3; M S (FAB) m/z 291 [M + H]+; H R M S (FAB) [M + H]+ Calcd for 
Ci6H2303Si: 291.1411. Found: 291.1423; Anal. Calcd for CieHiiOsSi: C，66.17; H, 
7.63. Found: C, 66.15; H, 7.68. 
4,5,7,8-Tetrahydro-8a-methyl-6,6-(l',3'-dioxolan-2'-yl)-3-
(trimethyIsilyl)naphtho[2,3-^]furan-9-one (118). A solution of 117 (0.81 g，2.79 
mmol), anhydrous benzene (159 mL), ethylene glycol (3.12 mL, 55 mmol), and p-
toluenesulfonic acid monohydrate (0.28 g，1.39 mmol) was refluxed for 15 hr with a 
Dean-Stark apparatus. After cooling to room temperature, the reaction mixture was 
diluted with EtOAc (350 mL), then washed consecutively with saturated NaHCOs 
solution (350 mL), water (350 mL), and brine (350 mL). The organic solution was 
then dried over MgS04. After removal of solvent under reduced pressure, the residue 
was purified by column chromatography on silica gel (26 g，hexane-EtOAc, 5:1) to 
furnish 118 (0.77 g，83%) as colorless crystals; m.p. 162-164°C; (H N M R (CDCI3) 5 
0.18 (d, J = 2.3 Hz, 9H)，1.16 (d, J=2.5 Hz, 3H)，1.25-1.72 (m, 6H)，2.23-2.45(m, 
2H)，3.03-3.18 (m，IH), 3.79-3.91 (m, 4H), 7.37 (d，J = 2.1 Hz, IH);丨^C N M R 
(CDCI3) 5 -1.0，24.5, 26.9, 30.9, 32.0, 37.8, 42.1, 46.8，64.1，64.2, 108.8，120.8，139.7， 
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146,5, 152.1, 189.7; Anal. Calcd for CisIfcsCUSi: C, 64.64; H, 7.83. Found: C, 64.74; 
H, 7.99. 
4,5,7,8-Tetrahydro-8a-methyl-6,6-(l%3'-dioxolaii-2'-yl)-3-
(trimethylsilyl)naphtho(23-A)furan (121). A solution of 118 (770 mg，2.31 mmol) 
in anhydrous THF (60 mL) was added dropwise to an ice cooled (0。C) solution of 
LiAlH4 (96 mg, 2.31 mmol) in anhydrous THF (200 mL) under N2. After stirring for 1 
hr at (fC, the reaction mixture was quenched with saturated aqueous NH4CI solution 
(150 mL), filtered through a bed of fuller's earth, and rinsed with EtOAc (50 mL). 
The aqueous layer was extracted with EtOAc (3 x 200 mL). The combined organic 
layer was then washed consecutively with water (300 mL), brine (300 mL), and dried 
over MgS04. Upon removal of solvent under reduced pressure, the residue was 
dissolved in anhydrous THF (19 mL) at O^C. Carbon disulfide (0.74 mL, 12.23 mmol), 
iodomethane (0.75 mL, 12.00 mmol), and sodium hydride (60% dispersion in mineral 
oil)(0.14 g, 3.46 mmol) were subsequently added. The mixture was stirred under N2 
for 4.5 hr at 0°C, the reaction mixture was then quenched with water (20 mL). The 
aqueous layer was extracted with EtiO (3 x 50 mL). The combined organic layer was 
washed with brine (20 mL) and dried with MgSCU. After removal of the solvent under 
reduced pressure, the residue was dissolved in anhydrous toluene (3 mL) and added 
dropwise under N2 over 30 min into a hot (llO^G) solution of tributyltin hydride (6.21 
mL, 23.08 mmol), anhydrous toluene (4 mL), and a catalytic amount of AIBN (3.79 
mg, 0.02 mmol). After refluxing for 72 hr, the reaction mixture was concentrated 
under reduced pressure. The residue was purified by column chromatography on silica 
ge l (20 g, hexane-EtOAc, 5:1) to provide 1 2 1 (0.16 g, 22%) as a colorless oil; ^ H 
N M R (CDCI3) 5 0.19 (s，9H), 0.98 (s，3H), 1.36—1.92 (m, 7H), 2.09 (t, J 二 14.4 Hz, 
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2H), 2.70-2.89 (m, 2H), 3.87-4.01 (m，4H), 7.14 (s, IH); ^ ^C N M R (CDCI3) 5 -0.7, 
26.8, 27.4, 28.2, 31.3, 33.4，36.6，37.7, 38.5, 64.2，64.2, 109.5, 116.6，118.7, 145.7, 
149.1; M S (EI) m/z 320 [M]+; H R M S (EI) [M]+ Calcd for CigHzgOsSi: 320.1803. 
Found: 320.1791. 
Ethyl 5-bromo-4-(l%3'-dioxolan-2'-yl)-l-methyl-2-[4-methylfuran-3-
yl]methylcyclohex-2-ene-l-carboxylate (125). A solution of 124 (13.34 g, 41.22 
mmol) in THF (20 mL) was added to a mixture of 89 (48.61 g, 123.66 mmol), 
Pd(PPh3)4 (2.38 g, 2.06 mmol) in THF (260 mL) and an aqueous solution of 2 M 
K3PO4 solution (500 mL), the mixture was then refluxed under N2 over 21 hr. After 
filtration, THF was evaporated under reduced pressure. The aqueous residue was 
extracted with EtiO (4 x 700 mL). The combined organic extract was washed with 
brine (700 mL), and dried over MgSCU. After removal of solvent under reduced 
pressure, the residue was column chromatographed on silica gel (420 g, hexane-
EtOAc, 9:1) to afford 125 (29.44 g, 60%) as a pale yellow oil, which consisted of a 
pair of diastereomers in the ratio of 7:3; NMR data of the major component: ^H NMR 
(CDCI3) 5 1.26 (t, J= 7.1 Hz, 3H), 1.38 (s, 3H), 1.86 (s, 3H), 2.33 (t, J= 13.7 Hz, IH) 
2.40 (s, IH), 2.55 (dd, J= 13.6 Hz, 3.7 Hz, IH), 3.00 (d, J= 17.1 Hz, IH), 3.88-4.02 
(m, 2H)，4.04-4.23 (m, 4H), 4.63 (dd, J = 13.7 H z , 3.7 H z , IH), 5.22 (t, J 二 1.5 Hz, 
IH)，7.16 (s, 2H); "C N M R (CDCI3) 5 7.8，14.1，23.9, 25.9, 43.6’ 48.7，52.6, 61.4, 
65.9, 66.4, 104.5, 116.4, 120.9, 125.5, 139.7, 140.9, 141.3, 173.8; N M R data of the 
minor component: ^ H N M R (CDCI3) 5 1.34 (t, J 二 7.1 Hz, 3H), 1.44 (s, 3H), 1.86 (s, 
3H), 2.13 (s, IH), 2.22 (dd，J 二 13.0 H z , 3.5 H z , IH), 2.89 (t, J = 13.3 Hz, IH), 
3.15(dd, J= 17.3 Hz, 1.7 Hz, IH), 4.04-4.23 (m, 4H), 4.23-4.33 (m, 2H), 4.40 (dd, J 
二 13.6 Hz, 3.5 Hz, IH), 5.16 (t, J= 1.5 Hz, IH), 7.16 (s, 2H); ^'C N M R (CDCI3) 5 7.8, 
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13.9，21.3, 25.6, 42.9, 49.4, 52.0, 61.4, 65.8, 66.5, 104.5，116.4，120.2, 124.4, 139.6， 
140.8, 142.1, 173.8; M S (EI) m/z 398 [M]+; H R M S (FAB) [M + H]+ Calcd for 
Ci8H2405Br: 399.0802, 401.0782. Found: 399.0800, 401.0787; Anal. Calcd for 
Ci8H2305Br: C, 54.15; H，5.81. Found: C, 54.17; H, 5.98. 
Ethyl 5-bromo-l-methyl-4-oxo-2-(4-methylfuran-3-yl)methylcyclohex-2-ene-l-
carboxylate (126). A solution of 125 (20.44 g, 51.19 mmol) in 80% acetic acid (255 
mL) was wanned under Ni to an oil bath temperature of SS^ 'C for 6.25 hr. After 
removal of acetic acid in vacuo, the residue was purified by column chromatography 
on silica gel (600 g, hexane-EtOAc, 9:1) to offer 126 (14.30 g，79%) as a pale yellow 
oil, which consisted of a pair of diastereomers in the ratio of 4:1; Data of the major 
component: ^ H N M R (CDCI3) 6 1.28 (t, J = 7.1 Hz, 3H), 1.54 (s, 3H), 1.83 (s, 3H), 
2.42 (t, J = 13.6 Hz, IH), 2.91 (dd, J二 13.6 Hz, 5.3 Hz, IH), 3.35 (s, 2H), 4.12-4.33 
(m, 2H), 4.93 (dd, J = 13.6 Hz, 5.3 Hz, IH), 5.79 (s, IH), 7.18 (s, 2H); ^ 'C N M R 
(CDCI3) 6 7.9, 14.1, 23.8, 27.6, 44.2, 45.7，48.8, 62.1, 119.5, 124.8, 125.8, 140.3, 
141.1, 162.9, 172.4, 190.8; Data of the minor component: ^ H N M R (CDCI3) 5 1.28 (t, 
J 二 7.1 Hz, 3H), 1.57 (s, 3H), 1.85 (s, 3H), 2.51 (dd, J = 13.8 Hz, 4.9 Hz，IH), 3.00 
(dd, J = 13.7 Hz, 10.9 Hz, IH), 3.00 (dd, J= 13.6 Hz, 1.5 Hz, 2H), 4.12-4.33 (m, 2H), 
4.66 (dd, J= 10.9 Hz, 4.9 Hz, IH), 5.75 (s, IH), 7.18 (s, 2H); ^ 'C N M R (CDCI3) 5 7.8, 
14.0, 22.2, 27.2, 45.7, 47.1, 49.4，62.0, 119.8, 124.8, 125.8, 140.3，141.1, 164.3, 173.0， 
190.0; Anal. Calcd for Ci6Hi904Br: C，54.10; H, 5.39. Found: C, 54.10; H，5.46. 
Ethyl l-methyl-4-oxo-2-(4-methylfuraii-3-yl)methylcyclohex-2-ene-l-carboxylate 
(127). To a stirred solution of 126 (10.96 g, 30.84 mmol) in glacial acetic acid (141 
mL), zinc dust (4.03 g, 61.68 mmol) was added, and stirred continuously under N2 for 
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3 hr at After filtration, acetic acid was removed in vacuo, the residue was then 
purified by column chromatography on silica gel (310 g, hexane-EtOAc, 5:1) to give 
127 (5.44 g, 64%) as a colorless oil; ^ H N M R (CDCI3) 5 1.27 (t, J= 7.2 Hz, 3H)，1.53 
(d, J = 8.7 Hz, 3H), 1.86 (d, J二 8.1 Hz, 3H), 1.90-2.09 (m, IH), 2.33-2.64 (m, 3H), 
3.32 (d, J= 6.9 Hz, 2H), 4.08-4.31 (m, 2H), 5.68 (d, J二 1.5 Hz, IH), 7.19 (d, J= 8.1 
Hz, 2H); 13c N M R (CDCI3) 6 7.8, 14.1，22.6, 27.5, 34.2, 34.7, 47.2, 61.5, 119.9, 
120.0, 127.2, 140.1, 141.1, 163.2, 174.0, 198.4; Anal. Calcd for C16H20O4： C, 69.55; 
H, 7.30. Found: C, 69.31; H, 7.41. 
Ethyl l-methyl-4-hydroxy-2-(4-methylfuraii-3-yl)methylcyclohex-2-ene-l-
carboxylate (128). To a solution of 127 (6.76 g, 24.46 mmol) in absolute ethanol (72 
mL) under N2 at CeCls (9.04 g, 36.69 mmol) and NaBH4 (1.85 g, 48.92 mmol) 
were added accordingly. The reaction mixture was then warmed to 28。C, was kept 
stirring for another 4 hr, and quenched with saturated aqueous NH4CI solution (500 
mL). The aqueous portion was extracted with EtOAc (3 x 500 mL). The combined 
organic portion was washed with brine (800 mL), dried over MgS04, and 
concentrated under reduced pressure. The residue was finally purified by column 
chromatography on silica gel (180 g, hexane-EtOAc, 3:1) to yield 128 (4.11 g, 60%) 
as a colorless oil; Compound 128 showed very complex ^H N M R and ^^ C N M R 
spectra due to the presence of a pair of diastereomers; Data of the major component: 
iH N M R (CDCI3) 6 1.19-1.27 (m，3H), 1.31 (s, 3H), 1.45-1.78 (m, 3H), 1.79-1.92 
(m, 4H), 2.08-2.20 (m, IH), 2.92-3.10 (m, 2H), 3.98-4.22 (m, 3H), 5.30-5.39 (m, 
IH), 7.13 (s, 2H); 13c N M R (CDCI3) 6 8.0，14.1, 23.1, 26.3’ 28.5, 32.7, 46.4, 60.9， 
65.7, 120.4, 121.8, 127.5, 139.6, 139.7, 140.8, 176.1; Data of the minor component: 
iH N M R (CDCI3) 6 1.19-1.27 (m, 3H), 1.38 (s, 3H), 1.45-1.78 (m，3H), 1.79-1.92 
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(m, 4H), 1.95-2.06 (m, IH), 2.92-3.10 (m, 2H), 3.98-4.22 (m, 3H), 5.30-5.39 (m, 
IH), 7.13 (s, 2H); "C N M R (CDCI3) 6 8.0，14.1, 22.9，26.3, 28.3, 32.2, 46.6, 60.8, 
65.6, 120.4, 121.8, 127.1, 139.6, 139.7, 140.6, 176.1; Anal. Calcd for C16H22O4： C, 
69.04; H, 7.97. Found: C, 69.04; H, 7.91. 
6,7,8,8a-Tetrahydro-6-hydroxy-3,8a-dimethylnaphtho[23-Z>]furan-9(4/0-one 
(129 and 130). To a solution of 128 (4.31 g, 15.49 mmol) in M e O H (116 mL), an 
aqueous solution of 2 M N a O H (39 mL) was added slowly under N2. The reaction 
mixture was then refluxed for 24 hr, diluted with water (50 mL), and washed with 
CH2CI2 (100 mL). The aqueous layer was acidified with 3 N HCI solution to p R 4, 
and extracted with CH2CI2 (3 x 200 mL). The combined organic layer was dried over 
MgSCU, concentrated and dried under reduced pressure for 10 hr. The residue was 
dissolved in anhydrous CH2CI2 (77 mL), trifluoroacetic anhydride (13.25 mL, 92.94 
mmol) was added slowly. After stirring under N2 at iTC for 10 hr, saturated NaHCOs 
solution (400 mL) was used to quench the reaction mixture. The aqueous layer was 
extracted with EtiO (3 x 500 mL), the combined organic layer was then washed with 
brine (800 mL), and dried over MgSCU. After removal of solvent under reduced 
pressure, the residue was dried under reduced pressure for 2 hr, and then redissolved 
in M e O H (46 mL) and saturated NaHCOs solution (10 mL). After stirring under N2 at 
2TC for 2.5 hr, the reaction mixture was diluted with water (50 mL) and extracted 
with EtiO (3 X 100 mL). The combined organic layer was then dried over MgSCU, 
concentrated under reduced pressure, and subsequently purified by column 
chromatography on silica gel (130 g，hexane-EtOAc, 3:1) to produce 129 (0.50 g， 
14%) and 130 (0.27 g, 8%) as a colorless oil; N M R data of 129: ^ H N M R (CDCI3) 5 
1.25 (s, 3H), 1.43-1.66 (m, 2H), 1.75-1.96 (m, 2H), 2.00 (s, 3H), 2.38 (ddd, J二 13.9 
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Hz, 10.0 Hz, 2.2 Hz, IH), 3.15 (d，J= 18.2 Hz, IH), 3.55 (dt, J = 18.2 Hz, 2.2 Hz, 
IH), 4.10-4.26 (m, IH), 5.73 (t，J 二 2.4 Hz, 1 H), 7.36 (s, IH); ^ 'C N M R (CDCI3) 5 
7.7, 24.1, 26.3, 28.4, 29.2, 47.6, 65.4, 120.2, 128.1, 137.0, 140.1, 145.0, 146.1，189.0; 
N M R data of 130: ^ H N M R (CDCI3) 5 1.29 (s, 3H), 1.44-1.71 (m, IH), 1.86-1.95 (m, 
3H), 1.98 (d, 0.8 Hz, 3H), 2.12-2.40 (m, IH), 3.13 (d, J = 18.5 Hz, IH), 3.52 (dt, 
J= 18.5 Hz, 2.1 Hz, IH), 4.09-4.27 (m, IH), 5.66 (s, IH), 7.35 (d, J= 0.8 Hz, 1 H); 
13c N M R (CDCI3) 5 7.6, 22.6, 24.0，28.1, 28.9, 47.3, 66.3, 120.1, 128.6, 137.0, 139.1, 
145.1, 145.8, 189.6; M S (EI) m/z 232 [M]+; H R M S (FAB) [M + H]+ Calcd for 
C14H17O3： 233.1173. Found: 233.1184. 
7,8-Dihydro-3,8a-dimethylnaphtho[2,3-^]furan-6(4/0,9(8al0-dione (131). A 
solution of 129 and 130 (0.27 g, 1.14 mmol), anhydrous CH2CI2 (90 mL), and Dess-
Martin periodinane (0.73 g, 1.72 mmol) was stirred under N2 at 2TC for 3 hr, and 
then quenched with saturated NaHCOs solution (100 mL). The aqueous layer was 
extracted with EtOAc (3 x 100 mL). The combined organic layer was dried over 
MgS04, and concentrated under reduced pressure. The residue was column 
chromatographed on silica gel (7 g, hexane-EtOAc, 2:1) to give 131 (0.19 g, 73%) as 
a colorless oil, which consists of a isomer in the ratio of 4:1; Data of the major 
component: ^ H N M R (CDCI3) 6 1.48 (d, J 二 1.6 Hz, 3H), 2.05 (d, J = 1.1 Hz, 3H), 
2.15-2.46 (m, 3H), 2.47-2.54 (m, IH), 3.43 (d, J二 19.6 Hz, IH), 3.79 (dd，19.6 
Hz, 1.9 Hz, IH), 5.97 (d, J = 1.8 Hz, IH), 7.47 (d, J 二 1.1 Hz, IH); Compound 131 
shows very complex ^ C^ N M R spectra due to the presence of a pair of diastereomers 
(see Appendix). M S (EI) m/z 230 [M]+; H R M S (FAB) [M + H]+ Calcd for C14H15O3： 
231.1016. Found: 231.1012. 
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4，5，7，8-Tetrahydro-3，8a-dimethyhiaphtho[2，3-Z^ ]furan-6(4f0，10(8a/i0-dione (132). 
A solution of 131 (55 mg, 0.24 mmol) in M e O H (8 mL) was hydrogenated from a 
hydrogen balloon over platinum (IV) oxide (11 mg, 0.02 mmol). After stirring for 4 hr, 
the reaction mixture was filtered, washed with EtOAc (10 mL) and hexane (10 mL). 
Upon removal of solvent under reduced pressure, the residue was purified by column 
chromatography on silica gel (5 g，hexane-EtOAc, 2:1) gave 132 (29 mg, 52%) as a 
colorless oil; ^ H N M R (CDCI3) 5 1.32 (s, 3H), 1.51 (td，13.4 Hz, 5.1 Hz, IH), 1.99 
(s, 3H), 2.23-2.59 (m, 6H), 2.66 (dt, J二 13.6 Hz, 5.4 Hz, IH), 3.04 (dd, J = 17.6 Hz, 
5.0 Hz, IH), 7.43 (s, IH); '^ C N M R (CDCI3) 5 7.7, 23.6, 24.8, 33.0, 38.7, 44.0, 44.5, 
46.8，121.4, 135.7, 145.3，145.6, 188.5, 210.5; M S (EI) m/z 232 [M]+; H R M S (FAB) 
[M + H]. Calcd for C14H17O3： 233.1173. Found: 233.1162. 
4,5，7，8-Tetrahydro-3，8a-dimethyl-6，6-(l，，3，-dioxolan-2，-yl)naphtho[2，3-拳 ran-
9-one (133). A solution of 132 (29 mg, 0.12 mmol), anhydrous benzene (7 mL), 
ethylene glycol (0.14 mL, 2.48 mmol), and ；?-toluenesulfonic acid monohydrate (12 
mg, 0.06 mmol) was refluxed for 24 hr with a Dean-Stark apparatus. After cooling to 
room temperature, the reaction mixture was diluted with EtOAc (50 mL), then washed 
consecutively with saturated NaHCOs solution (50 mL), water (50 mL), and brine (50 
mL). The organic solution was then dried over MgSCU. After removal of solvent 
under reduced pressure, the residue was purified by column chromatography on silica 
gel (5 g, hexane-EtOAc, 2:1) to afford 133 (21 mg, 60%) as a colorless oil; H^ NMR 
(CDCI3) 5 1.20 (s, 3H)，1.32-1.77 (m, 6H)，1.96 (d, J 二 1.0 Hz, 3H), 2.27-2.48 (m， 
2H), 3.03 (dd, 17.6 Hz, 5.4 Hz, IH), 3.85-3.96 (m, 4H), 7.36 (d, J = 1.0 Hz, IH); 
13c N M R (CDCI3) 5 7.7, 24.5，24.7, 31.0, 32.0, 38.1, 41.9，46.9，64.2，64.3, 108.9， 
121.1, 127.9, 136.0, 145.0, 189.6; Anal. Calcd for C16H20O4： C, 69.55; H, 7.30. Found: 
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C, 69.34; H, 7.01. 
4,5,7,8-Tetrahydro-3,8a-dimethyl-6,6-(l',3'-dioxolan-2'-yl)naphtho(2,3-A)furan 
(136). A solution of 133 (30 mg，0.11 mmol) in anhydrous THF (12 mL) was added 
dropwise to an ice cooled (0°C) solution of LiAlH4 (5 mg, 0.13 mmol) in anhydrous 
thf (5 mL) under N2. After stirring for 1 hr at O^C, the reaction mixture was 
quenched with saturated aqueous NH4CI solution (5 mL), filtered through a bed of 
fuller's earth, and rinsed with EtOAc (5 mL). The aqueous layer was extracted with 
EtOAc (3x15 mL). The combined organic layer was then washed consecutively with 
water (10 mL), brine (10 mL), and dried over MgS04. Upon removal of solvent under 
reduced pressure, the residue was dissolved in anhydrous THF (19 mL) at 0。C. 
Carbon disulfide (0.05 mL, 0.83 mmol), iodomethane (0.05 mL, 0.80 mmol), and 
sodium hydride (60% dispersion in mineral oil) (40 mg, 1.00 mmol) were 
subsequently added. The mixture was stirred under N2 for 5 hr at O'^ C, the reaction 
mixture was quenched with water (10 mL). The aqueous layer was extracted with 
EtiO (3x15 mL). The combined organic layer was washed with brine, dried with 
MgS04 and concentrated under reduced pressure, the residue was dissolved in 
anhydrous toluene (7 mL) and added dropwise under Ni over 30 min into a hot 
(llO^C) solution of tributyltin hydride (0.28 mL, 1.04 mmol), anhydrous toluene (4 
mL), and a catalytic amount of AIBN (1 mg，0.006 mmol). After refluxing for 72 hr, 
the reaction mixture was concentrated under reduced pressure. The residue was 
purified by column chromatography on silica gel (5 g, hexane-EtOAc, 10:1) to yield 
136 (14 mg, 47%) as a colorless oil; ^H N M R (CDCI3) 5 0,97 (s, 3H), 1.37-1.92 (m， 
lOH), 2.01 (dd, J = 16.2 Hz，3.4 Hz, 2H), 2.55-2.70 (m, IH), 2.78 (d, J 二 16.9 Hz, 
IH), 3.84-4.03 (m, 4H)，7.04 (s, IH); ^ C^ N M R (CDCI3) 5 8.1, 24.3, 27.4, 28.3, 31.3, 
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33.5, 36.6, 37.7, 38.1，64.2, 64.2，109.5, 113.9, 119.7, 137.2, 148.6; M S (EI) m/z 262 
[M]+ H R M S (EI) [M]+ Calcd for C16H22O3： 262.1564. Found: 262.1552. 
4,5,7,8-Tetrahydro-3,8a-dimethylnaphtho[2,3-A]furan-6(5^one (137). A 
solution of 136 (7 mg，0.03 mmol) in THF (1 mL)，an aqueous solution of 2 N HCl 
(0.02 m L , 0.04 mmol) was added. The reaction mixture was stirred under N2 at 2TC 
for 15.5 hr, diluted with water (5 mL), neutralized with saturated NaHCOs solution (4 
mL) to p R 7. After removal of THF under reduced pressure, the aqueous layer was 
extracted with EtiO (3x15 mL). The combined organic layer was then washed with 
brine (30 mL), dried over MgSCU, and concentrated under reduced pressure. The 
residue was purified by column chromatography on silica gel (5 g, hexane-EtOAc, 
10:1) to give 137 (3 mg, 45%) as a colorless oil; ^ H N M R (CDCI3) 5 1.14 (s, 3H), 
1.64-1.78 (m, IH), 1.85-2.04 (m, 5H), 2.14 (dd, J= 16.3 Hz, 3.5 Hz, IH), 2.28 (d，J 
=8.2 Hz, 2H), 2.36 (dd，J二 16.3 Hz, 6.7 Hz, 2H), 2.43-2.57 (m, IH), 2.67-2.79 (m， 
IH), 2.88 (d, J二 16.8 Hz, IH), 7.17 (s, IH); ^'C N M R (CDCI3) 6 8.9, 26.6, 26.9, 30.2, 
33.5, 36.7, 37.8, 41.2, 43.9, 114.7, 120.5, 138.0, 149.4, 211.7; H R M S (EI) [M]+ Calcd 
for C14H18O2： 218.1302. Found: 218.1310. 
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T a b l e 1 . C r y s t a l d a t a a n d s t r u c t u r e r e f i n e m e n t for T T K 0 0 3 . 
I d e n t i f i c a t i o n c o d e p - 1 
E m p i r i c a l f o r m u l a C H 0 S i 
18 26 4 
F o r m u l a w e i g h t 3 3 4 . 4 8 
T e m p e r a t u r e 293 (2) K 
W a v e l e n g t h 0 .71073 A 
C r y s t a l s y s t e m T r i c l i n i c 
S p a c e g r o u p P I 
U n i t c e l l d i m e n s i o n s a = 1 4 . 8 1 8 7 ( 8 ) A a l p h a = 9 5 . 7 2 3 0 ( 1 0 ) ° 
b = 1 4 . 8 4 1 5 ( 9 ) A b e t a = 95 .7720 ( 1 0 )° 
c = 1 6 . 8 5 6 9 ( 1 0 ) A g a m m a = 9 1 . 4 7 1 0 ( 1 0 )° 
V o l u m e , Z 3 6 6 7 . 8 ( 4 ) A ^ , 8 
D e n s i t y ( c a l c u l a t e d ) 1 . 2 1 1 M g / m ^ 
- 1 
A b s o r p t i o n c o e f f i c i e n t 0 . 1 4 5 m m 
F ( 0 0 0 ) 1440 
C r y s t a l s i z e 0.40 x 0.40 x 0.35 m m 
o 
9 r a n g e f o r d a t a c o l l e c t i o n 1.22 to 2 4 . 0 0 
L i m i t i n g i n d i c e s - 1 6 < h 5 1 3 , -15 < Jc s 16, -19 s I s 19 
R e f l e c t i o n s c o l l e c t e d 1 8 8 8 2 
I n d e p e n d e n t r e f l e c t i o n s 1 1 4 7 3 (R^^^ = 0 . 0 7 5 0 ) 
C o m p l e t e n e s s to 9 = 2 4 . 0 0° 9 9 . 6 % 
A b s o r p t i o n c o r r e c t i o n N o n e 
2 
R e f i n e m e n t m e t h o d F u l l - m a t r i x l e a s t - s q u a r e s o n F 
D a t a / r e s t r a i n t s / p a r a m e t e r s 1 1 4 7 3 / 0 / 830 
2 
G o o d n e s s - o f - f i t o n F 1 . 0 3 5 
F i n a l R i n d i c e s [工>2(T(I)] R l = 0 . 0 4 6 8 , w R 2 = 0 . 1 1 5 1 
R i n d i c e s (all d a t a ) R l = 0 . 0 8 4 3 , w R 2 = 0 . 1 3 4 3 
E x t i n c t i o n c o e f f i c i e n t 0 . 0 0 2 9 ( 4 ) 
.-3 
L a r g e s t d i f f . p e a k a n d h o l e 0.284 a n d - 0 . 3 0 1 eA 
83 
13 
T a b l e 2 . A t o m i c c o o r d i n a t e s [ x 10 ] a n d e q u i v a l e n t i s o t r o p i c 
• 2 3 
d i s p l a c e m e n t p a r a m e t e r s [A x 10 ] f o r T T K 0 0 3 . U (eq) is d e f i n e d 
a s o n e t h i r d of the t r a c e o f t h e o r t h o g o n a l ! z e d U ^ ^ t e n s o r . 
X y z U ( e q ) 
S i ( 1 ) 4 4 0 7 (1) 3 1 0 8 (1) -435 (1) 5 6 ( 1 ) 
0 (1) 3 3 0 0 (1) 5 2 2 3 (1) 799 (1) 6 3 ( 1 ) 
0 (2) 2 9 9 7 (1) 5 7 0 9 (1) 2 4 2 7 (1) 82 (1) 
0 (3) 2 6 7 8 (1) 2 5 5 8 (1) 3 6 7 1 ( 1 ) 6 6 ( 1 ) 
0 ( 4 ) 1 3 5 8 ( 1 ) 2 7 5 8 ( 1 ) 2 8 9 3 ( 1 ) 6 8 ( 1 ) 
C ( 1 ) 3 5 2 2 ( 2 ) 4 7 0 9 (2) 1 4 1 9 ( 2 ) 50 (1) 
C ( 2 ) 3 3 7 1 ( 2 ) 5 0 1 1 ( 2 ) 2 2 3 6 ( 2 ) 5 2 ( 1 ) 
C ( 3 ) 3 7 6 9 (2) 4 3 9 0 (2) 2 8 4 8 (2) 50 (1) 
C ( 4 ) 3 2 4 1 ( 2 ) 4 4 7 4 (2) 3 5 8 7 (2) . 58 (1) 
C (5) 2 2 7 9 (2) 4 0 6 9 (2) 3 4 2 7 (2) 6 0 ( 1 ) 
C ( 6 ) 2 2 7 5 (2) 3 0 9 2 (2) 3 0 8 3 (2) 52 (1) 
C (7) 2 7 8 0 (2) 2 9 9 1 (2) 2 3 4 2 (1) 50 (1) 
C ( 8 ) 3 7 4 9 (2) 3 3 9 1 (2) 2 4 8 8 (1) 46 (1) 
C (9) 4226(2) 3 2 6 8 (2) 1 7 1 7 (1) 5 1 (1) 
C ( 1 0 ) 3 9 1 9 (2) 3 9 4 0 (2) 1 1 5 6 ( 1 ) 4 5 ( 1 ) 
C ( l l ) 3963 (2) 3 9 5 2 (2) 3 0 6 (2) 4 9 ( 1 ) 
C ( 1 2 ) 3 5 8 0 ( 2 ) 4 7 3 8 ( 2 ) 1 4 4 ( 2 ) 6 2 ( 1 ) 
C (13) 4 7 4 6 (2) 4 7 5 0 (2) 3 0 9 8 (2) 72 (1) 
C (14) 2 0 5 5 (2) 1 8 7 0 (2) 3783 (2) 1 0 6 ( 1 ) 
C ( 1 5 ) 1 2 7 7 ( 2 ) 1 9 2 9 ( 2 ) 3 2 1 0 ( 2 ) 8 3 ( 1 ) 
C ( 1 6 ) 4 4 5 4 ( 2 ) 3 6 2 1 ( 2 ) - 1 3 8 4 ( 2 ) 9 1 ( 1 ) 
C ( 1 7 ) 3 6 4 2 (2) 2 0 8 6 (2) -595 (2) 9 9 ( 1 ) 
C ( 1 8 ) 5 5 5 0 ( 2 ) 2 7 9 5 ( 2 ) - 3 2 ( 2 ) 7 7 ( 1 ) 
S i (2) 5 4 6 9 (1) 1 9 1 8 (1) 4 7 1 8 (1) 5 6 ( 1 ) 
S i (3) 8939 (1) 3 2 3 1 (1) 5 2 2 2 (1) 58 (1) 
C ( 4 1 ) 7 6 3 0 (2) 3 9 5 7 (2) 3 1 4 6 (2) 5 1 (1) 
C ( 4 2 ) 7 4 5 6 ( 2 ) 4 0 1 1 ( 2 ) 2 2 9 9 ( 2 ) 5 4 ( 1 ) 
C ( 4 3 ) 8 1 7 8 ( 2 ) 3 5 6 7 ( 2 ) 1 8 0 9 ( 2 ) 4 9 ( 1 ) 
C ( 4 4 ) 8 2 3 3 ( 2 ) 4 0 1 4 ( 2 ) 1 0 4 1 ( 2 ) 5 7 ( 1 ) 
C ( 4 5 ) 8603 (2) 4 9 8 8 (2) 1 1 8 7 (2) 6 3 ( 1 ) 
C ( 4 6 ) 9517 (2) 5 0 4 1 ( 2 ) 1 6 5 7 ( 2 ) 57 (1) 
C ( 4 7 ) 9510 (2) 4 6 0 0 (2) 2 4 2 4 (2) 53 (1) 
C ( 4 8 ) 9 1 2 3 ( 2 ) 3 6 2 9 ( 2 ) 2 3 0 1 ( 2 ) 4 8 ( 1 ) 
C ( 4 9 ) 9 1 1 3 ( 2 ) 3 2 2 9 ( 2 ) 3 1 0 3 ( 2 ) 5 4 ( 1 ) 
C ( 5 0 ) 8356 (2) 3 6 0 0 (2) 3 5 4 2 (2) 47 (1) 
C ( 5 1 ) 8227 (2) 3 6 6 9 (2) 4 3 8 0 ( 2 ) 50 (1) 
C ( 5 2 ) 7 4 2 0 (2) 4 0 8 4 (2) 4 4 0 0 (2) 6 2 ( 1 ) 
C ( 5 3 ) 7 8 5 7 (2) 2 5 7 2 (2) 1597 (2) 70 (1) 
C ( 5 4 ) 1 0 7 1 3 (2) 6 0 3 8 (2) 1632 (2) 100 (1) 
C ( 5 5 ) 1 0 8 5 5 ( 2 ) 5 2 2 8 ( 3 ) 1 1 2 8 ( 2 ) 1 1 9 ( 2 ) 
C ( 5 6 ) 9 9 6 8 (2) 3 9 5 6 (2) 5 5 0 4 (2) 103 (1) 
C ( 5 7 ) 9264 (2) 2 0 7 3 (2) 4 8 7 1 ( 2 ) 7 6 ( 1 ) 
C ( 5 8 ) 8 2 7 1 (2) 3193 (2) 6096 (2) 93 ( D 
0 (9) 7 0 3 2 (1) 4 2 7 1 ( 1 ) 3616 (1) 6 3 ( 1 ) 
0 (10) 6785 (1) 4 3 4 6 (1) 1 9 7 9 ( 1 ) 8 1 ( 1 ) 
0 ( 1 1 ) 9 8 2 5 ( 1 ) 5 9 7 0 ( 1 ) 1 8 2 8 ( 1 ) 8 1 ( 1 ) 
0 ( 1 2 ) 1 0 1 5 8 ( 1 ) 4 6 1 5 (1) 1 1 7 6 ( 1 ) 7 1 ( 1 ) 
0 (5) 7 5 4 8 (1) 665 (1) 5857 (1) 6 6 ( 1 ) 
84 
0 (6) 8124 (1) 372 (1) 7 4 7 4 (1) 83 (1) 
0 (7) 5 1 2 2 ( 1 ) - 1 0 5 2 ( 1 ) 8 0 6 7 (1) 70 (1) 
0 ( 8 ) 5 0 4 2 ( 1 ) 2 6 9 ( 1 ) 8 8 7 1 ( 1 ) 6 1 ( 1 ) 
C ( 2 1 ) 7 1 0 3 (2) 949 (2) 6 5 1 2 (2) 52 (1) 
C (22) 7 4 4 3 (2) 7 8 6 (2) 7 3 1 1 (2) 55 (1) 
C ( 2 3 ) 6 8 9 6 (2) 1 2 3 5 (2) 7 9 6 0 (2) 49 (1) 
C ( 2 4 ) 6 9 7 7 (2) 7 0 1 (2) 8 6 9 5 (2) 5 6 ( 1 ) 
C ( 2 5 ) 6 5 0 1 (2) - 2 2 9 (2) 8 5 4 2 (2) 5 9 ( 1 ) 
C ( 2 6 ) 5 5 1 8 (2) - 1 6 0 (2) 8244 (2) 52 (1) 
C (27) 5 4 0 4 (2) 363 (2) 7 5 2 2 (2) 53 (1) 
C ( 2 8 ) 5 8 8 6 ( 2 ) 1 2 9 7 ( 2 ) 7 6 4 7 ( 1 ) 46(1) 
C ( 2 9 ) 5 7 5 1 (2) 1 7 8 4 ( 2 ) 6887 (2) 5 1 (1) 
C (30) 6 3 5 6 (2) 1 4 0 4 (2) 6283 (1) 45 (1) 
C ( 3 1 ) 6 3 1 0 (2) 1 4 2 4 (2) 5 4 3 2 (2) 48 (1) 
C ( 3 2 ) 7 0 4 5 (2) 9 6 5 (2) 5 2 2 7 ( 2 ) 6 2 ( 1 ) 
C (33) 7 3 3 7 ( 2 ) 2 1 8 6 ( 2 ) 8 1 9 8 (2) 6 9 ( 1 ) 
C ( 3 4 ) 4 2 5 6 (2) - 1 0 4 6 (2) 8 3 4 0 (2) 80 (1) 
C ( 3 5 ) 4 3 3 3 (2) - 3 2 4 ( 2 ) 9 0 0 0 (2) 100 (1) 
C (36) 5 2 1 3 ( 2 ) 3 0 7 2 (2) 5 1 5 2 (2) 9 3 ( 1 ) 
C ( 3 7 ) 4 4 1 8 ( 2 ) 1 1 8 7 (2) 4 5 8 4 (2) 94 (1) 
C ( 3 8 ) 5 9 7 0 (2) 1 9 5 7 (2) 3 7 6 0 (2) 7 9 ( 1 ) 
S i ( 4 ) 9 2 8 9 (1) 8334 (1) -60 (1) 5 8 ( 1 ) 
0 ( 1 3 ) 8 0 9 3 ( 1 ) 1 0 2 4 4 ( 1 ) 1 3 6 5 ( 1 ) 6 4 ( 1 ) 
0 (14) 7 9 6 8 (2) 1 0 5 9 0 (1) 3 0 4 4 (1) 87 (1) 
0 (15) 6 7 3 8 (1) 7 4 2 5 (2) 3 3 4 9 (1) 8 1 (1) 
O ( 1 6 ) 8 1 1 9 ( 1 ) 7 2 9 2 ( 1 ) 4 0 4 6 ( 1 ) 6 8 ( 1 ) 
C ( 6 1 ) 8 4 8 8 ( 2 ) 9 7 4 3 ( 2 ) 1 9 3 4 ( 2 ) 5 2 ( 1 ) 
C ( 6 2 ) 8402 (2) 9953 (2) 2776 (2) 5 6 ( 1 ) 
C ( 6 3 ) 8933 (2) 9 3 4 0 (2) 3 3 1 9 (2) 49 (1) 
C ( 6 4 ) 8 4 8 1 ( 2 ) 9 2 7 3 ( 2 ) 4 0 8 2 ( 2 ) 5 8 ( 1 ) 
C (65) 7 5 5 7 (2) 8 7 8 2 (2) 3 9 3 9 (2) 6 6 ( 1 ) 
C ( 6 6 ) 7 6 2 6 (2) 7 8 4 7 (2) 3 5 2 0 ( 2 ) 6 0 ( 1 ) 
C (67) 8 0 8 1 ( 2 ) 7 8 6 7 (2) 2 7 6 1 ( 2 ) 5 6 ( 1 ) 
C ( 6 8 ) 9002 (2) 8 3 7 8 ( 2 ) 2 8 8 9 (1) 47 (1) 
C { 6 9 ) 9 4 1 3 ( 2 ) 8 3 8 9 ( 2 ) 2 0 9 1 ( 1 ) 5 1 ( 1 ) 
C ( 7 0 ) 8935 (2) 9 0 4 6 (2) 1593 (2) 47 (1) 
C ( 7 1 ) 8 8 2 9 ( 2 ) 9 0 9 3 (2) 7 4 0 ( 2 ) 50 (1) 
C ( 7 2 ) 8 3 1 1 (2) 9 8 2 7 (2) 6 5 9 ( 2 ) 6 1 ( 1 ) 
C ( 7 3 ) 9879 (2) 9 8 0 3 ( 2 ) 3 5 3 3 (2) 66 (1) 
C ( 7 4 ) 6 8 0 9 ( 2 ) 6 5 1 3 ( 2 ) 3 4 9 8 ( 2 ) 9 5 ( 1 ) 
C ( 7 5 ) 7 5 9 1 (3) 6507 (2) 4 1 0 4 (2) 108 (1) 
C (76) 9 1 3 1 (2) 8 8 4 9 (2) - 1 0 1 0 ( 2 ) 97 (1) 
C ( 7 7 ) 8 7 1 0 ( 2 ) 7 2 0 9 ( 2 ) - 1 5 4 ( 2 ) 9 3 ( 1 ) 
C ( 7 8 ) 1 0 5 1 2 (2) 8 2 1 8 (2) 244 (2) 82 (1) 
85 
T a b l e 3 . B o n d l e n g t h s [A] a n d a n g l e s f o r T T K 0 0 3 . 
S i ( 1 ) - C ( 1 6 ) 1 . 8 4 5 ( 3 ) S i ( 1 ) - C { 1 7 ) 1 . 8 5 1 ( 3 ) 
S i ( l ) - C ( 1 8 ) 1 . 8 4 9 ( 3 ) S i ( l ) - C ( l l ) 1 . 8 6 1 ( 3 ) 
0 ( 1 ) - C ( 1 2 ) 1 . 3 6 4 (3) 0 ( 1 ) - C ( l ) 1 . 3 7 4 (3) 
0 ( 2 ) - C ( 2 ) 1 . 2 1 7 ( 3 ) 0 ( 3 ) - C ( 1 4 ) 1 . 3 9 8 ( 3 ) 
0 ( 3 ) - C ( 6 ) 1 . 4 2 4 ( 3 ) 0 ( 4 ) - C ( 1 5 ) 1 . 3 9 7 ( 3 ) 
0 ( 4 ) - C ( 6 ) 1 . 4 2 9 ( 3 ) C ( l ) - C ( I O ) 1 . 3 5 2 ( 3 ) 
C ( 1 ) - C (2) 1 . 4 4 8 ( 4 ) C ( 2 ) - C ( 3 ) 1 . 5 3 5 (4) 
C ( 3 ) - C ( 1 3 ) 1 . 5 3 3 (3) C ( 3 ) - C ( 4 ) 1 . 5 3 3 (3) 
C ( 3 ) - C ( 8 ) 1 . 5 4 4 (3) C ( 4 ) - C ( 5 ) 1 . 5 2 1 ( 3 ) 
C ( 5 ) - C ( 6 ) 1 . 5 0 6 ( 3 ) C ( 6 ) - C ( 7 ) 1 . 5 1 5 (3) 
C ( 7 ) - C ( 8 ) 1 . 5 2 8 ( 3 ) C ( 8 ) - C ( 9 ) 1 . 5 3 7 ( 3 ) 
C ( 9 ) - C ( 1 0 ) 1 . 4 9 1 ( 3 ) C ( 1 0 ) -C (11) 1 . 4 4 2 (3) 
C ( l l ) - C ( 1 2 ) 1 . 3 5 1 ( 3 ) C ( 1 4 ) - C ( 1 5 ) 1 . 4 3 8 ( 4 ) 
S i ( 2 ) - C ( 3 8 ) 1 . 8 5 0 ( 3 ) S i ( 2 ) - C ( 3 7 ) 1 . 8 5 7 ( 3 ) 
S i ( 2 ) - C ( 3 6 ) 1 . 8 5 9 (3) S i (2) - C ( 3 1 ) 1 . 8 6 0 ( 3 ) 
S i ( 3 ) - C { 5 6 ) 1 . 8 3 8 ( 3 ) S i { 3 ) - C ( 5 7 ) 1 . 8 5 3 ( 3 ) 
S i ( 3 ) - C ( 5 8 ) 1 . 8 6 1 ( 3 ) S i (3) - C ( 5 1 ) 1 . 8 6 3 ( 3 ) 
C ( 4 1 ) - C ( 5 0 ) 1 . 3 5 7 (3) C ( 4 1 ) - 0 ( 9 ) 1 . 3 7 7 (3) 
C ( 4 1 ) - C ( 4 2 ) 1 . 4 3 5 ( 4 ) C (42)-O (10) 1 . 2 2 4 (3) 
C ( 4 2 ) - C ( 4 3 ) 1 . 5 3 9 ( 3 ) C ( 4 3 ) - C ( 4 4 ) 1 . 5 2 1 ( 3 ) 
C ( 4 3 ) - C ( 5 3 ) 1 . 5 3 6 ( 3 ) C ( 4 3 ) - C ( 4 8 ) 1 . 5 4 8 ( 3 ) 
C ( 4 4 ) - C ( 4 5 ) 1 . 5 2 0 ( 3 ) C ( 4 5 ) - C ( 4 6 ) 1 . 4 9 5 ( 4 ) 
C ( 4 6 ) - O ( 1 2 ) 1 . 4 2 9 ( 3 ) C ( 4 6 ) - O ( 1 1 ) 1 . 4 3 3 ( 3 ) 
C ( 4 6 ) - C ( 4 7 ) 1 . 5 0 7 ( 4 ) G ( 4 7 ) -C (48) 1 . 5 2 4 (3) 
C ( 4 8 ) - C ( 4 9 ) 1 . 5 3 2 (3) C ( 4 9 ) - C { 5 0 ) 1 . 4 9 2 (3) 
C ( 5 0 ) - C ( 5 1 ) 1 . 4 3 8 (3) C ( 5 1 ) - C ( 5 2 ) 1 . 3 6 1 ( 3 ) 
C { 5 2 ) - 0 ( 9 ) 1 . 3 5 4 (3) C ( 5 4 ) - 0 ( 1 1 ) 1 . 3 9 2 ( 3 ) 
C ( 5 4 ) _ C ( 5 5 ) 1 . 4 3 3 (4) C { 5 5 ) - 0 ( 1 2 ) 1 . 3 7 2 (3) 
0 ( 5 ) - C ( 3 2 ) 1 . 3 5 5 (3) 0 (5) - C ( 2 1 ) 1 . 3 7 9 (3) 
0 ( 6 ) - C ( 2 2 ) 1 . 2 1 8 ( 3 ) 0 ( 7 ) - C ( 3 4 ) 1 . 4 0 6 ( 3 ) 
0 ( 7 ) - C ( 2 6 ) 1 . 4 2 5 (3) 0 (8) - C ( 3 5 ) 1 . 4 0 0 (3) 
0 ( 8 ) - C ( 2 6 ) 1 . 4 3 5 (3) C ( 2 1 ) - C ( 3 0 ) 1 . 3 5 4 (3) 
C ( 2 1 ) - C ( 2 2 ) 1 . 4 3 5 (4) C ( 2 2 ) - C ( 2 3 ) 1 . 5 3 5 (4) 
C ( 2 3 ) - C ( 2 4 ) 1 . 5 3 3 ( 3 ) C ( 2 3 ) - C ( 3 3 ) 1 . 5 3 9 ( 3 ) 
C ( 2 3 ) - C ( 2 8 ) 1 . 5 4 4 ( 3 ) C ( 2 4 ) - C ( 2 5 ) 1 . 5 2 0 ( 3 ) 
C ( 2 5 ) - C ( 2 6 ) 1 . 5 0 1 ( 3 ) C ( 2 6 ) - C ( 2 7 ) 1 . 5 0 5 ( 3 ) 
C ( 2 7 ) - C ( 2 8 ) 1 . 5 2 9 (3) C { 2 8 ) - C ( 2 9 ) 1 . 5 3 1 (3) 
C ( 2 9 ) - C ( 3 0 ) 1 . 5 0 1 (3) C ( 3 0 ) - C ( 3 1 ) 1 . 4 3 3 (3) 
C ( 3 1 ) - C ( 3 2 ) 1 . 3 5 6 (3) C ( 3 4 ) - C ( 3 5 ) 1 . 4 5 9 (4) 
S i ( 4 ) - C ( 7 6 ) 1 . 8 3 9 ( 3 ) S i (4) - C ( 7 7 ) 1 . 8 4 3 (3) 
S i ( 4 ) - C ( 7 8 ) 1 . 8 5 1 ( 3 ) S i ( 4 ) - C ( 7 1 ) 1 . 8 6 2 ( 3 ) 
0 ( 1 3 ) - C ( 7 2 ) 1 . 3 5 9 ( 3 ) 0 ( 1 3 ) - C ( 6 1 ) 1 . 3 6 7 ( 3 ) 
0 ( 1 4 ) - C ( 6 2 ) 1 . 2 3 1 ( 3 ) 0 ( 1 5 ) - C ( 7 4 ) 1 . 4 0 6 ( 4 ) 
0 ( 1 5 ) - C ( 6 6 ) 1 . 4 3 2 ( 3 ) 0 ( 1 6 ) - C ( 7 5 ) 1 . 4 0 3 ( 3 ) 
0 ( 1 6 ) - C ( 6 6 ) 1 . 4 3 0 ( 3 ) C ( 6 1 ) - C ( 7 0 ) 1 . 3 5 3 (3) 
C ( 6 1 ) - C ( 6 2 ) 1 . 4 4 0 ( 4 ) C ( 6 2 ) - C ( 6 3 ) 1 . 5 3 1 ( 4 ) 
C ( 6 3 ) - C ( 6 4 ) 1 . 5 2 0 ( 3 ) C ( 6 3 ) - C ( 7 3 ) 1 . 5 3 8 ( 3 ) 
C { 6 3 ) - C { 6 8 ) 1 . 5 4 5 ( 3 ) C ( 6 4 ) - C ( 6 5 ) 1 . 5 2 0 ( 3 ) 
C ( 6 5 ) - C ( 6 6 ) 1 . 5 0 2 ( 4 ) C ( 6 6 ) - C ( 6 7 ) 1 . 5 0 8 ( 3 ) 
C ( 6 7 ) - C ( 6 8 ) 1 . 5 2 9 (3) C { 6 8 ) - C ( 6 9 ) 1 . 5 3 3 (3) 
C ( 6 9 ) - C ( 7 0 ) 1 . 4 9 6 (3) C ( 7 0 ) - C ( 7 1 ) 1 . 4 4 0 (3) 
C ( 7 1 ) _ C ( 7 2 ) 1 . 3 5 8 (4) C ( 7 4 ) - C ( 7 5 ) 1 . 4 6 7 ( 4 ) 
C ( 1 6 ) - S i d ) - C ( 1 7 ) 1 1 0 . 2 2 (16) C ( 1 6 ) - S i ( l ) - C ( 1 8 ) 1 1 0 . 8 6 (15) 
C ( 1 7 ) - S i d ) - C ( 1 8 ) 1 0 9 . 3 6 (16) C ( 1 6 ) - S i ( l ) - C ( l l ) 1 0 8 . 4 8 (14) 
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C ( 1 7 ) - S i ( l ) - C ( l l ) 1 0 9 . 1 8 ( 1 3 ) C ( 1 8 ) - S i ( 1 ) - C ( 1 1 ) 10 8 . 7 1 ( 1 2 ) 
C ( 1 2 ) - 0 ( 1 ) - C ( l ) 1 0 4 . 4 8 ( 1 9 ) C ( 1 4 ) - 0 ( 3 ) - C ( 6 ) 1 0 8 . 8 ( 2 ) 
C ( 1 5 ) - 0 ( 4 ) - C ( 6 ) 1 0 7 . 9 ( 2 ) C ( 1 0 ) - C ( 1 ) - 0 ( 1 ) 1 1 0 . 9 ( 2 ) 
C ( 1 0 ) - C ( l ) - C ( 2 ) 1 2 7 . 2 ( 2 ) 0 ( 1 ) - C ( l ) - C ( 2 ) 1 2 1 . 9 ( 2 ) 
0(2) -C(2) -C(l) 123.5(3) 0(2) -C(2) -C(3) 123.0(2) 
C ( l ) - C ( 2 ) - C ( 3 ) 1 1 3 . 5 ( 2 ) C ( 1 3 ) - C ( 3 ) - C ( 4 ) 1 0 8 . 7 ( 2 ) 
C ( 1 3 ) - C ( 3 ) - C ( 2 ) 1 0 5 . 6 ( 2 ) C ( 4 ) - C ( 3 ) - C { 2 ) 1 0 9 . 8 ( 2 ) 
C ( 1 3 ) - C ( 3 ) - C ( 8 ) 1 1 1 . 1 ( 2 ) C ( 4 ) - C ( 3 ) - C ( 8 ) 1 0 9 . 7 4 ( 1 9 ) 
C ( 2 ) - C { 3 ) - C ( 8 ) 1 1 1 . 8 2 ( 1 9 ) C ( 5 ) - C ( 4 ) - C ( 3 ) 1 1 3 . 5 ( 2 ) 
C ( 6 ) - C ( 5 ) - C ( 4 ) 1 1 1 . 2 ( 2 ) 0 { 3 ) - C ( 6 ) - 0 ( 4 ) 1 0 6 . 4 4 ( 1 9 ) 
0 ( 3 ) - C ( 6 ) - C ( 5 ) 1 0 9 . 8 ( 2 ) 0 ( 4 ) - C ( 6 ) - C ( 5 ) 1 0 9 . 2 2 ( 1 9 ) 
0 ( 3 ) - C ( 6 ) - C ( 7 ) 1 1 0 . 0 ( 2 ) 0 ( 4 ) - C ( 5 ) - C ( 7 ) 1 1 0 . 3 ( 2 ) 
C ( 5 ) - C { 6 ) - C ( 7 ) 1 1 1 . 0 ( 2 ) C ( 6 ) - C { 7 ) - C ( 8 ) 1 1 3 . 2 3 ( 1 9 ) 
C ( 7 ) - C ( 8 ) - C ( 9 ) 1 1 0 . 8 3 (19) C ( 7 ) - C ( 8 ) - C ( 3 ) 1 1 1 . 2 7 ( 1 8 ) 
C ( 9 ) - C ( 8 ) - C ( 3 ) 1 1 2 . 3 5 ( 1 9 ) C ( 1 0 ) - C ( 9 ) - C ( 8 ) 1 1 1 . 0 8 ( 1 9 ) 
C ( l ) - C ( I O ) - C ( l l ) 1 0 7 . 3 ( 2 ) C ( l ) - C ( I O ) - C ( 9 ) 1 2 1 . 1 ( 2 ) 
C ( l l ) - C ( I O ) - C ( 9 ) 1 3 1 . 5 ( 2 ) C ( 1 2 ) - C ( l l ) - C ( I O ) 1 0 3 . 7 ( 2 ) 
C ( 1 2 ) - C ( l l ) - S i (1) 1 2 5 . 9 ( 2 ) C (10) - C ( 1 1 ) - S i (1) 1 3 0 . 4 4 ( 1 9 ) 
C ( l l ) - C ( 1 2 ) - 0 ( 1 ) 1 1 3 . 6 ( 2 ) 0 ( 3 ) - C ( 1 4 ) - C ( 1 5 ) 1 0 7 . 2 ( 3 ) 
0 ( 4 ) - C ( 1 5 ) - C ( 1 4 ) 1 0 7 . 2 ( 2 ) C ( 3 8 ) - S i ( 2 ) - C ( 3 7 ) 1 1 1 . 1 6 ( 1 5 ) 
C ( 3 8 ) - S i ( 2 ) - C (36) 1 1 1 . 1 7 ( 1 5 ) C ( 3 7 ) - S i ( 2 ) - C ( 3 6 ) 1 0 9 . 4 7 (16) 
C ( 3 8 ) - S i ( 2 ) - C ( 3 1 ) 10 8.02 (13) C ( 3 7 ) - S i ( 2 ) - C ( 3 1 ) 10 8.23 (14) 
C ( 3 6 ) - S i (2) - C ( 3 1 ) 1 0 8 . 7 0 (13) C ( 5 6 ) - S i (3) - C ( 5 7 ) 1 0 9 . 4 0 (15) 
C ( 5 6 ) - S i (3) - C ( 5 8 ) 1 1 0 . 0 2 (17) C ( 5 7 ) - S i (3) - C ( 5 8 ) 1 0 9 . 9 4 (14) 
C ( 5 6 ) - S i (3) - C ( 5 1 ) 1 1 0 . 3 7 (14) C ( 5 7 ) - S i (3) - C ( 5 1 ) 1 0 7 . 5 8 (12) 
C ( 5 8 ) - S i (3) - C ( 5 1 ) 10 9 . 5 0 ( 1 4 ) C (50) - C ( 4 1 ) - O ( 9 ) 1 1 0 . 4 (2) 
C ( 5 0 ) - C ( 4 1 ) - C ( 4 2 ) 1 2 7 . 5 ( 2 ) 0 (9) - C ( 4 1 ) - C ( 4 2 ) 1 2 2 . 1 (2) 
0 ( 1 0 ) - C ( 4 2 ) - C ( 4 1 ) 1 2 4 . 2 ( 2 ) O (10) -C ( 4 2 ) - C ( 4 3 ) 1 2 2 . 0 (2) 
C ( 4 1 ) - C ( 4 2 ) _ C ( 4 3 ) 1 1 3 . 8 ( 2 ) C ( 4 4 ) - C ( 4 3 ) - C ( 5 3 ) 1 0 9 . 3 (2) 
C ( 4 4 ) - C { 4 3 ) - C ( 4 2 ) 1 1 0 . 4 ( 2 ) C ( 5 3 ) - C ( 4 3 ) - C ( 4 2 ) 1 0 5 . 9 ( 2 ) 
C ( 4 4 ) - C ( 4 3 ) - C ( 4 8 ) 1 0 9 . 5 9 ( 1 9 ) C ( 5 3 ) - C ( 4 3 ) _ C ( 4 8 ) 1 1 0 . 4 ( 2 ) 
C ( 4 2 ) _ C ( 4 3 ) _ C ( 4 8 ) 1 1 1 . 2 ( 2 ) C ( 4 5 ) -C ( 4 4 ) - C ( 4 3 ) 1 1 3 . 3 (2) 
C ( 4 6 ) - C ( 4 5 ) - C { 4 4 ) 1 1 0 . 8 ( 2 ) 0 ( 1 2 ) - C ( 4 6 ) - 0 ( 1 1 ) 1 0 5 . 8 6 ( 1 9 ) 
0 ( 1 2 ) - C { 4 6 ) - C ( 4 5 ) 1 0 9 . 3 ( 2 ) 0 ( 1 1 ) - C ( 4 6 ) - C ( 4 5 ) 1 0 9 . S (2) 
0 ( 1 2 ) - C ( 4 6 ) - C ( 4 7 ) 1 0 9 . 7 ( 2 ) 0 ( 1 1 ) _ C ( 4 6 ) - C ( 4 7 ) 1 1 0 . 1 ( 2 ) 
C ( 4 5 ) - C ( 4 6 ) - C ( 4 7 ) 1 1 2 . 1 ( 2 ) C ( 4 6 ) - C ( 4 7 ) - C ( 4 8 ) 1 1 3 . 6 ( 2 ) 
C ( 4 7 ) - C ( 4 8 ) - C ( 4 9 ) 1 1 0 . 9 (2) C (47) -C (48) _ C ( 4 3 ) 1 1 1 . 3 ( 2 ) 
C ( 4 9 ) - C ( 4 8 ) - C ( 4 3 ) 1 1 2 . 7 0 ( 1 9 ) C ( 5 0 ) - C ( 4 9 ) - C ( 4 8) 1 1 0 . 3 ( 2 ) 
C ( 4 1 ) - C ( 5 0 ) - C ( 5 1 ) 10 8 . 0 ( 2 ) C ( 4 1 ) - C ( 5 0 ) - C ( 4 9 ) 12 0.9 (2) 
C ( 5 1 ) - C ( 5 0 ) - C ( 4 9 ) 1 3 1 . 1 ( 2 ) C (5 2 ) -C (51) -C (5 0) 1 0 2 . 7 (2) 
C ( 5 2 ) _ C ( 5 1 ) _ S i (3) 1 2 8 . 2 ( 2 ) C ( 5 0 ) - C ( 5 1 ) - S i ( 3 ) 1 2 8 . 9 4 (19) 
0 ( 9 ) - C ( 5 2 ) - C ( 5 1 ) 1 1 4 . 4 ( 2 ) 0 ( 1 1 ) - C ( 5 4 ) - C ( 5 5 ) 1 0 6 . 4 ( 3 ) 
0 ( 1 2 ) - C ( 5 5 ) - C ( 5 4 ) 10 8.5 (3) C ( 5 2 ) - 0 ( 9 ) - C ( 4 1 ) 1 0 4 . 4 5 (19) 
C ( 5 4 ) - 0 ( 1 1 ) - C ( 4 6 ) 10 8 . 0 ( 2 ) C { 5 5 ) - 0 ( 1 2 ) - C ( 4 6 ) 1 0 8 . 6 ( 2 ) 
C ( 3 2 ) - 0 ( 5 ) - C ( 2 1 ) 1 0 4 . 5 3 (19) C ( 3 4 ) - 0 ( 7 ) - C ( 2 6 ) 1 0 7 . 8 (2) 
C ( 3 5 ) - 0 ( 8 ) - C ( 2 6 ) 107 .9 (2) C ( 3 0 ) - C ( 2 1 ) - 0 ( 5 ) 1 1 0 . 5 (2) 
C ( 3 0 ) - C ( 2 1 ) - C ( 2 2 ) 1 2 7 . 6 ( 2 ) 0 ( 5 ) - C ( 2 1 ) - C ( 2 2 ) 1 2 1 . 9 ( 2 ) 
0 ( 6 ) - C ( 2 2 ) - C ( 2 1 ) 1 2 4 . 1 ( 3 ) 0 ( 6 ) - C ( 2 2 ) - C ( 2 3 ) 1 2 2 . 3 (3) 
C ( 2 1 ) - C ( 2 2 ) - C ( 2 3 ) 1 1 3 . 6 ( 2 ) C (22) -C (23)-C (24) 1 0 9 . 9 ( 2 ) 
C ( 2 2 ) - C ( 2 3 ) - C ( 3 3 ) 1 0 5 . 9 ( 2 ) C ( 2 4 ) - C ( 2 3 ) - C ( 3 3 ) 1 0 8 . 8 ( 2 ) 
C ( 2 2 ) - C ( 2 3 ) - C ( 2 8 ) 1 1 1 . 6 (2) C ( 2 4 ) - C (23) - C ( 2 8 ) 1 0 9 . 6 9 (19) 
C { 3 3 ) - C ( 2 3 ) - C ( 2 8 ) 1 1 0 - 7 ( 2 ) C ( 2 5 ) -C (24) - C ( 2 3 ) 1 1 3 . 3 ( 2 ) 
C { 2 6 ) - C ( 2 5 ) - C ( 2 4 ) 1 1 1 . 3 (2) 0 ( 7 ) - C ( 2 6 ) - 0 ( 8 ) 1 0 5 . 8 4 (18) 
0 ( 7 ) - C ( 2 6 ) - C ( 2 5 ) 1 0 8 . 7 (2) 0 (8) - C ( 2 6 ) - C { 2 5 ) 1 0 9 . 7 (2) 
0 ( 7 ) - C ( 2 6 ) - C ( 2 7 ) 1 1 1 . 1 ( 2 ) 0 ( 8 ) - C ( 2 6 ) - C ( 2 7 ) 1 0 9 . 7 (2) 
C ( 2 5 ) - C ( 2 6 ) - C ( 2 7 ) 1 1 1 . 6 (2) C ( 2 6 ) - C ( 2 7 ) - C ( 2 8 ) 1 1 3 . 8 9 (19) 
C ( 2 7 ) - C ( 2 8 ) - C ( 2 9 ) 1 1 1 . 0 4 (19) C ( 2 7 ) - C ( 2 8 ) - C ( 2 3 ) 1 1 1 . 3 8 (19) 
C ( 2 9 ) - C ( 2 8 ) - C { 2 3 ) 1 1 2 . 7 6 ( 1 9 ) C ( 3 0 ) _ C ( 2 9 ) - C ( 2 8 ) 1 1 0 . 2 2 ( 1 9 ) 
C ( 2 1 ) - C { 3 0 ) - C ( 3 1 ) 1 0 7 . 6 ( 2 ) C ( 2 1 ) -C(3 0) - C ( 2 9 ) 12 0.9 (2) 
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C ( 3 1 ) - C ( 3 0 ) - C ( 2 9 ) 1 3 1 . 5 (2) C ( 3 2 ) - C ( 3 1 ) - C ( 3 0 ) 1 0 3 .7 (2) 
C ( 3 2 ) - C ( 3 1 ) - S i ( 2 ) 1 2 5 . 1 ( 2 ) C ( 3 0 ) - C ( 3 1 ) - S i ( 2 ) 1 3 1 . 2 5 ( 1 8 ) 
0 ( 5 ) - C ( 3 2 ) - C ( 3 1 ) 1 1 3 . 8 ( 2 ) 0 ( 7 ) - C (34) -C (35) 1 0 4 . 0 ( 2 ) 
0 ( 8 ) - C ( 3 5 ) - C ( 3 4 ) 1 0 7 . 1 (3) C ( 7 6 ) - S i (4) - C ( 7 7 ) 1 1 0 . 9 5 (16) 
C ( 7 6 ) - S i ( 4 ) - C { 7 8 ) 1 1 0 . 1 6 ( 1 6 ) C ( 7 7 ) - S i ( 4 ) - C ( 7 8 ) 1 0 9 . 1 3 ( 1 6 ) 
C ( 7 6 ) - S i ( 4 ) - C ( 7 1 ) 1 0 9 . 0 9 ( 1 4 ) C ( 7 7 ) - S i ( 4 ) - C ( 7 1 ) 1 0 9 . 8 5 ( 1 3 ) 
C ( 7 8 ) - S i ( 4 ) - C (71) 1 0 7 . 6 0 (12) C ( 7 2 ) - 0 ( 1 3 ) - C { 6 1 ) 1 0 4 . 5 1 ( 1 9 ) 
C ( 7 4 ) - 0 ( 1 5 ) - C { 6 6 ) 1 0 7 . 6 ( 2 ) C ( 7 5 ) - 0 ( 1 6 ) - C ( 6 6 ) 1 0 9 . 0 (2) 
C ( 7 0 ) - C ( 6 1 ) - 0 ( 1 3 ) 1 1 0 . 9 ( 2 ) C { 7 0 ) - C ( 6 1 ) - C ( 6 2 ) 12 6 . 9 (2) 
0 ( 1 3 ) - C ( 6 1 ) - C ( 6 2 ) 12 2 . 3 ( 2 ) 0 ( 1 4 ) - C ( 6 2 ) - C ( 6 1 ) 1 2 3 . 4 ( 3 ) 
0 ( 1 4 ) - C ( 6 2 ) - C ( 6 3 ) 12 2 . 3 ( 2 ) C ( 6 1 ) - C ( 6 2 ) - C ( 6 3 ) 1 1 4 . 3 ( 2 ) 
C ( 6 4 ) - C ( 6 3 ) - C ( 6 2 ) 1 1 0 . 5 ( 2 ) C { 5 4 ) - C ( 5 3 ) - C ( 7 3 ) 1 0 9 . 2 ( 2 ) 
C ( 6 2 ) - C ( 6 3 ) - C ( 7 3 ) 1 0 5 . 7 ( 2 ) C ( 6 4 ) - C ( 6 3 ) - C ( 6 8 ) 1 0 9 . 1 ( 2 ) 
C ( 6 2 ) - C ( 6 3 ) - C ( 6 8 ) 1 1 1 . 2 6 ( 1 9 ) C ( 7 3 ) - C ( 6 3 ) - C ( 6 8 ) 1 1 0 . 9 8 ( 1 9 ) 
C ( 6 5 ) - C ( 6 4 ) - C ( 6 3 ) 1 1 3 . 3 ( 2 ) C ( 6 6 ) - C ( 6 5 ) - C ( 6 4 ) 1 1 1 . 0 (2) 
0 ( 1 5 ) - C ( 6 6 ) - 0 ( 1 6 ) 1 0 5 . 4 ( 2 ) 0(15) -C(66) -C(65) 1 0 9 . 6 ( 2 ) 
O ( 1 6 ) -C(66) - C (65) 1 0 9 . 7 (2) O ( 1 5 ) - C ( 6 6 ) - C ( 6 7 ) 1 1 0 . 4 ( 2 ) 
0 ( 1 6 ) - C ( 6 6 ) - C ( 6 7 ) 109.7(2) C{65) - C ( 6 6 )-C(67) 111.8(2) 
C ( 6 6 ) - C ( 6 7 ) - C { 6 8 ) 1 1 3 . 3 ( 2 ) C ( 6 7 ) - C ( 6 8 ) - C { 6 9 ) 1 1 0 . 3 (2) 
C ( 6 7 ) - C ( 6 8 ) - C ( 6 3 ) 1 1 1 . 5 9 ( 1 9 ) C ( 6 9 ) - C ( 6 8 ) - C ( 6 3 ) 1 1 2 . 4 2 ( 1 9 ) 
C ( 7 0 ) - C ( 6 9 ) - C ( 6 8 ) 1 1 0 . 0 5 ( 1 9 ) C ( 6 1 ) - C ( 7 0 ) - C ( 7 1 ) 1 0 7 . 6 ( 2 ) 
C ( 6 1 ) - C ( 7 0 ) - C ( 6 9 ) 1 2 1 . 1 ( 2 ) C ( 7 1 ) -C(70) - C ( 6 9 ) 1 3 1 . 3 (2) 
C ( 7 2 ) - C ( 7 1 ) - C ( 7 0 ) 1 0 3 . 0 (2) C (72) - C (71) - S i (4) 12 8 . 4 ( 2 ) 
C ( 7 0 ) - C ( 7 1 ) - S i (4) 1 2 8 . 5 8 (19) C ( 7 1 ) - C ( 7 2 ) - O ( 1 3 ) 1 1 3 . 9 ( 3 ) 
0 ( 1 5 ) - C ( 7 4 ) - C ( 7 5 ) 1 0 4 . 8 ( 3 ) 0 ( 1 6 ) - C ( 7 5 ) - C ( 7 4 ) 1 0 6 . 2 (3) 
S y m m e t r y t r a n s f o r m a t i o n s u s e d t o g e n e r a t e e q u i v a l e n t a t o m s : 
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.2 3 
T a b l e 4 . A n i s o t r o p i c d i s p l a c e m e n t p a r a m e t e r s [A x 10 ] f o r T T K 0 0 3 . 
T h e a n i s o t r o p i c d i s p l a c e m e n t f a c t o r e x p o n e n t t a k e s t h e f o r m : 
-271"2 [ ( h a * ) 2 u ” + … + 2 h k a * b * U _ _ ] 
1 1 12 
U l l U 2 2 U3 3 U 2 3 U 1 3 U 1 2 
S i (1) 58 (1) 6 1 ( 1 ) 50 (1) 6 (1) 10 (1) 3 (1) 
0 (1) 7 1 (1) 5 1 ( 1 ) 7 3 ( 1 ) 2 2 ( 1 ) 1 1 ( 1 ) 18 (1) 
0 (2) 1 1 0 (2) 48 (1) 9 4 ( 2 ) 7 ( 1 ) 3 6 ( 1 ) 3 0 ( 1 ) 
0 (3) 55 (1) 81 (1) 66 (1) 3 2 ( 1 ) 4 (1) 5 (1) 
0 ( 4 ) 48 (1) 7 4 ( 1 ) 85 (1) 33 (1) - 1 (1) -7 (1) 
C ( l ) 5 4 ( 2 ) 4 1 ( 1 ) 5 7 ( 2 ) 1 4 ( 1 ) 9 ( 1 ) 8(1) 
C (2) 50 (2) 38 (2) 6 9 ( 2 ) 5 ( 1 ) 1 4 ( 1 ) 4 ( 1 ) 
C { 3 ) 45 (2) 5 1 (2) 54 (2) 1 (1) 9 (1) 2 (1) 
C { 4 ) 6 1 ( 2 ) 5 9 ( 2 ) 5 2 ( 2 ) - 3 ( 1 ) 1 0 ( 1 ) 6(1) 
C ( 5 ) 55 (2) 66 (2) 6 1 ( 2 ) 6 ( 1 ) 1 9 ( 1 ) 8(1) 
C (6) 42 (2) 6 1 (2) 54 (2) 18 (1) 4 (1) 2 (1) 
C (7) 6 0 ( 2 ) 4 1 ( 1 ) 5 0 ( 2 ) 7 ( 1 ) 4 ( 1 ) 2 ( 1 ) 
C (8) 4 8 ( 2 ) 47 (2) 4 6 ( 2 ) 1 0 ( 1 ) 7 ( 1 ) 1 3 ( 1 ) 
C (9) 5 7 ( 2 ) 4 6 ( 2 ) 5 3 ( 2 ) 1 0 ( 1 ) 1 3 ( 1 ) 1 6 ( 1 ) 
C (10) 43 (1) 43 (1) 51.(2) 10 (1) 9 (1) 7 (1) 
C (11) 48 (2) 50 (2) 5 1 (2) 13 (1) 3 (1) 3 (1) 
C (12) 6 7 ( 2 ) 6 5 ( 2 ) 5 6 ( 2 ) 1 6 ( 2 ) 9 ( 1 ) 1 2 ( 1 ) 
C (13) 52 (2) 84 (2) 78 (2) - 2 ( 2 ) 3 ( 2 ) - 1 0 ( 2 ) 
C ( 1 4 ) 1 1 1 (3) 90 (3) 116 (3) 52 (2) -26 (2) -30 (2) 
C (15) 7 3 ( 2 ) 8 9 ( 2 ) 9 2 ( 2 ) 39 (2) 9 ( 2 ) - 1 1 ( 2 ) 
C ( 1 6 ) 1 0 3 (3) 115 (3) 58 (2) 1 9 ( 2 ) 1 2 ( 2 ) 1 8 ( 2 ) 
C ( 1 7 ) 96 (3) 8 0 ( 2 ) 1 1 9 ( 3 ) - 1 9 ( 2 ) 2 9 ( 2 ) -12 (2) 
C ( 1 8 ) 76 (2) 83 (2) 74 (2) 1 1 ( 2 ) 17 (2) 20 (2) 
S i (2) 5 7 ( 1 ) 6 1 ( 1 ) 5 1 ( 1 ) 8(1) 5 ( 1 ) 4 ( 1 ) 
S i (3) 72 (1) 49 (1) 52 (1) 7 (1) 7 (1) 2 (1) 
C ( 4 1 ) 3 9 ( 1 ) 5 6 ( 2 ) 6 1 ( 2 ) 1 1 ( 1 ) 1 3 ( 1 ) 9 ( 1 ) 
C ( 4 2 ) 42 (2) 57 (2) 64 (2) 13 (1) 1 (1) 6 (1) 
C (43) 4 4 ( 2 ) 48 (2) 54 (2) 8 (1) 4 (1) 3 (1) 
C ( 4 4 ) 62 (2) 5 5 ( 2 ) 5 2 ( 2 ) 8 (1) -2 (1) 2 (1) 
C ( 4 5 ) 70 (2) 57 (2) 6 3 ( 2 ) 1 9 ( 1 ) 6 ( 2 ) 6 (1) 
C ( 4 6 ) 6 2 ( 2 ) 4 5 ( 2 ) 6 8 ( 2 ) 6(1) 1 8 ( 1 ) 0 ( 1 ) 
C ( 4 7 ) 4 2 ( 1 ) 6 3 ( 2 ) 5 5 ( 2 ) 6(1) 5 ( 1 ) - 1 ( 1 ) 
C ( 4 8 ) 40 (1) 52 (2) 5 4 ( 2 ) 1 1 (1) 12 (1) 1 1 (1) 
C (49) 45 (2) 6 5 ( 2 ) 5 7 ( 2 ) 1 9 ( 1 ) 1 1 ( 1 ) 1 6 ( 1 ) 
C (50) 43 (2) 48 (2) 53 (2) 12 (1) 8 (1) 5 (1) 
C ( 5 1 ) 5 1 (2) 47 (2) 55 (2) 9 (1) 1 1 (1) 3 (1) 
C ( 5 2 ) 6 4 ( 2 ) 6 4 ( 2 ) 6 0 ( 2 ) 3 ( 2 ) 2 2 ( 2 ) 3 ( 1 ) 
C ( 5 3 ) 73 (2) 55 (2) 8 2 ( 2〉 6 (2) 9 ( 2 ) -6 (1) 
C (54) 8 1 (3) 83 (3) 136 (3) 1 6 ( 2 ) 1 8 ( 2 ) - 2 7 ( 2 ) 
C (55) 8 6 ( 3 ) 138 (4) 126 (3) -34 (3) 45 (2) -52 (2) 
C (56) 103 (3) 85 (2) 115 (3) 2 5 ( 2 ) -33 (2) -15 (2) 
C ( 5 7 ) 97 (2) 65 (2) 70 (2) 17 (2) 18 (2) 18 (2) 
C ( 5 8 ) 134 (3) 89 (2) 6 0 ( 2 ) 9 ( 2 ) 2 9 ( 2 ) 19 (2) 
0 (9) 4 8 ( 1 ) 7 2 ( 1 ) 7 1 ( 1 ) 7 ( 1 ) 1 7 ( 1 ) 1 6 ( 1 ) 
O (10) 54 (1) 110 (2) 81 (2) 24 (1) - 1 (1) 3 1 ( 1 ) 
0 ( 1 1 ) 8 5 ( 2 ) 5 1 (1) 1 0 7 ( 2 ) 4 ( 1 ) 2 2 ( 1 ) - 1 5 ( 1 ) 
0 (12) 73 (1) 62 (1) 82 (1) 9 (1) 32 (1) -2 (1) 
0 (5) 52 (1) 75 (1) 77 (1) 15 (1) 25 (1) 2 1 (1) 
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0 (6) 5 1 (1) 1 0 7 ( 2 ) 100 (2) 4 2 ( 1 ) 1 2 ( 1 ) 3 4 ( 1 ) 
0 ( 7 ) 7 2 ( 1 ) 55 (1) 81 (1) 1 ( 1 ) 17 (1) -18 (1) 
0 ( 8 ) 67 (1) 60 (1) 58 (1) 6(1) 1 8 ( 1 ) - 1 1 ( 1 ) 
C (21) 44 (2) 55 (2) 6 0 ( 2 ) 1 5 ( 1 ) 1 5 ( 1 ) 1 1 ( 1 ) 
C (22) 38 (2) 5 6 ( 2 ) 75 (2) 23 (1) 7 (1) 5 (1) 
C (23) 4 2 ( 1 ) 49 (2) 56 (2) 1 6 ( 1 ) - 1 ( 1 ) 1 ( 1 ) 
C { 2 4 ) 50 (2) 57 (2) 6 2 ( 2 ) 1 8 ( 1 ) - 4 ( 1 ) - 3 ( 1 ) 
C ( 2 5 ) 58 (2) 55 (2) 64 (2) 2 3 ( 1 ) 1 (1) 0 (1) 
C ( 2 6 ) 55 (2) 47 (2) 53 (2) 5 (1) 10 (1) -7 (1) 
C ( 2 7 ) 40 (1) 66 (2) 52 (2) 10 (1) 3 (1) - 1 (1) 
C ( 2 8 ) 45 (1) 50 (2) 46 (2) 9 (1) 8 (1) 10 (1) 
C ( 2 9 ) 45 (1) 57 (2) 54 (2) 15 (1) 9 (1) 15 (1) 
C ( 3 0 ) 42 (1) 43 (1) 52 (2) 1 1 (1) 10 (1) 4 (1) 
C ( 3 1 ) 45 (2) 47 (2) 54 (2) 6(1) 1 2 ( 1 ) 1(1) 
C (32) 6 4 ( 2 ) 68 (2) 5 6 ( 2 ) 8(2) 1 6 ( 2 ) 8(1) 
C (33) 69 (2) 5 7 ( 2 ) 8 0 ( 2 ) 17 (2) - 6 ( 2 ) - 1 5 ( 1 ) 
C (34) 77 (2) 88 (2) 78 (2) 13 (2) 1 6 ( 2 ) - 3 1 ( 2 ) 
C (35) 92 (3) 1 0 1 (3) 1 0 5 (3) -10 (2) 39 (2) -37 (2) 
C (36) 1 1 9 (3) 79 (2) 84 (2) 1 1 (2) 15 (2) 35 (2) 
C ( 3 7 ) 6 3 ( 2 ) 119 (3) 1 0 0 ( 3 ) 1 7 ( 2 ) - 2 ( 2 ) -9 (2) 
C (38) 9 1 (2) 9 4 ( 2 ) 53 (2) 6 (2) 8 (2) 1 (2) 
S i (4) 60 (1) 6 4 ( 1 ) 4 9 ( 1 ) 7 ( 1 ) 6 (1) 1(1) 
0 (13) 72 (1) 53 (1) 70 (1) 1 7 ( 1 ) 7 (1) 18 (1) 
0 ( 1 4 ) 1 1 0 ( 2 ) 6 7 ( 1 ) 85 (2) - 1 ( 1 ) 18 (1) 48 (1) 
0 ( 1 5 ) 5 4 ( 1 ) 9 1 ( 2 ) 9 6 ( 2 ) 1 8 ( 1 ) 3 ( 1 ) - 1 4 ( 1 ) 
0 (16) 62 (1) 74 (1) 70 (1) 2 1 (1) 6 ( 1 ) - 1 3 ( 1 ) 
C { 6 1 ) 6 0 ( 2 ) 4 1 ( 2 ) 5 7 ( 2 ) 1 3 ( 1 ) 5 ( 1 ) 1 3 ( 1 ) 
C ( 6 2 ) 6 2 ( 2 ) 4 2 ( 2 ) 6 7 ( 2 ) 4 ( 1 ) 1 2 ( 1 ) 1 4 ( 1 ) 
C ( 6 3 ) 52 (2) 43 (1) 53 (2) -2 (1) 10 (1) 7 (1) 
C ( 6 4 ) 60 (2) 59 (2) 55 (2) -5 (1) 12 (1) 8 (1) 
C ( 6 5 ) 6 0 ( 2 ) 7 9 ( 2 ) 62 (2) 1 (2) 20 (1) 5 (1) 
C { 6 6 ) 47 (2) 7 0 ( 2 ) S3 (2) 1 3 ( 2 ) 5 ( 1 ) - 6 ( 1 ) 
C ( 6 7 ) 67 (2) 4 6 ( 2 ) 54 (2) 4 ( 1 ) 7 (1) 1 ( 1 ) 
C ( 6 8 ) 53 (2) 43 (1) 47 (2) 7 ( 1 ) 10 (1) 1 2 ( 1 ) 
C ( 6 9 ) 62 (2) 44 (1) 50 (2) 8 (1) 15 (1) 14 (1) 
C ( 7 0 ) 48 (2) 4 0 ( 1 ) 54 (2) 9(1) 9 (1) 3 (1) 
C ( 7 1 ) 49 (2) 50 (2) 52 (2) 1 4 ( 1 ) 5 (1) -1 (1) 
C ( 7 2 ) 6 4 ( 2 ) 64 (2) 5 8 ( 2 ) 20 (2) -2 (1) 2 (1) 
C ( 7 3 ) 65 (2) 59 (2) 72 (2) 5 (2) 9 (2) -3 (1) 
C ( 7 4 ) 79 (2) 98 (3) 1 0 8 ( 3 ) 20 (2) 7 (2) -30 (2) 
C ( 7 5 ) 1 1 2 ( 3 ) 9 1 ( 3 ) 1 1 9 ( 3 ) 3 6 ( 2 ) -15 (3) - 4 4 ( 2 ) 
C ( 7 6 ) 127 (3) 1 1 1 (3) 53 (2) 12 (2) 4 (2) 23 (2) 
C ( 7 7 ) 9 6 ( 3 ) 75 (2) 103 (3) -12 (2) 15 (2) - 9 ( 2 ) 
C ( 7 8 ) 67 (2) 1 0 4 ( 3 ) 78 (2) 13 (2) 17 (2) 12 (2) 
90 
I 
T a b l e 5 . H y d r o g e n c o o r d i n a t e s ( x 10 ) a n d i s o t r o p i c 
.2 3 
d i s p l a c e m e n t p a r a m e t e r s (A x 10 ) f o r T T K 0 0 3 . 
X y z U (eq) 
H ( 4 A ) 3 5 6 8 4 1 7 3 4 0 0 8 69 
H ( 4 B ) 3 2 1 6 5 1 1 0 3 7 8 1 69 
H ( 5 A ) 1 9 9 7 4 1 0 9 3 9 2 3 7 1 
H ( 5 B ) 1 9 2 7 4 4 1 3 3 0 5 4 7 1 
. H ( 7 A ) 2 4 4 8 3 2 8 8 1 9 2 2 61 
H ( 7 B ) 2 7 9 7 2 3 5 3 2 1 5 6 61 
H ( 8 A ) 4 0 8 2 3 0 4 9 2 8 8 3 55 
H { 9 A ) 4 8 7 7 3 3 4 0 1 8 5 2 6 1 
H ( 9 B ) 4 0 9 4 2 6 6 0 1 4 5 5 61 
H ( 1 2 A ) 3 5 1 4 4 9 3 0 -367 74 
H ( 1 3 A ) 5032 4 3 8 8 3 4 8 6 109 
H ( 1 3 B ) 4 7 3 9 5 3 6 8 3 3 2 9 109 
H ( 1 3 C ) 5 0 7 8 4 7 2 0 2 6 3 6 109 
H ( 1 4 A ) 1 8 8 0 1 9 4 8 4 3 2 4 127 
H ( 1 4 B ) 2 3 2 2 1 2 8 2 3 7 0 0 127 
H ( 1 5 A ) 1 2 5 9 14 3 3 2 7 8 8 99 
H ( 1 5 B ) 723 1897 3 4 6 9 99 
H { 1 6 A ) 4 8 5 1 4 1 5 0 - 1 2 9 3 1 3 6 
H ( 1 6 B ) 3 8 5 7 3 7 8 8 - 1 5 7 7 136 
H ( 1 6 C ) 4 6 7 9 3 1 9 1 - 1 7 7 4 1 3 6 
H ( 1 7 A ) 3 6 2 0 1 8 2 8 -97 149 
H ( 1 7 B ) 3 8 6 5 1 6 5 1 - 9 8 1 149 
H ( 1 7 C ) 3 0 4 4 2 2 5 1 -789 149 
H ( 1 8 A ) 5 9 5 1 3 3 2 2 43 115 
H ( 1 8 B ) 5 7 7 9 2 3 4 4 -402 115 
H ( 1 8 C ) 5 5 1 5 2 5 5 5 473 115 
H ( 4 4 A ) 8619 3 6 6 5 704 68 
H ( 4 4 B ) 7 6 3 1 4 0 0 4 754 68 
H ( 4 5 A ) 8648 5227 677 75 
H ( 4 5 B ) 8188 5 3 5 6 1 4 7 8 75 
H ( 4 7 A ) 9154 4 9 5 8 2 7 8 3 64 
H ( 4 7 B ) 1 0 1 2 6 4 6 0 2 2 6 8 0 64 
H ( 4 8 A ) 9 5 3 1 3 2 6 9 1 9 8 5 57 
H ( 4 9 A ) 9039 2 5 7 4 3 0 0 9 65 
H ( 4 9 B ) 9687 3 3 7 5 3 4 2 7 65 
H ( 5 2 A ) 7 1 5 6 4 2 2 7 4873 74 
H ( 5 3 A ) 7 2 6 9 2544 1 2 9 8 105 
H ( 5 3 B ) 7822 2 2 8 8 2 0 8 1 105 
H ( 5 3 C ) 8279 2262 1 2 8 0 105 
H { 5 4 A ) 1 1 1 3 8 6 0 8 8 2112 120 
H ( 5 4 B ) 1 0 7 9 7 6 5 6 8 1 3 5 0 120 
H ( 5 5 A ) 1 0 8 6 7 5 3 5 5 578 142 
H ( 5 5 B ) 1 1 4 3 1 4 9 7 8 1302 142 
H ( 5 6 A ) 1 0 3 0 9 3 9 7 0 5 0 5 1 155 
H ( 5 6 B ) 1 0 3 3 1 3 7 1 9 5934 155 
H ( 5 6 C ) 9799 4 5 6 0 5 6 7 6 155 
H ( 5 7 A ) 9612 2 0 9 8 4423 114 
H ( 5 7 B ) 8727 1697 4 7 1 2 114 
H ( 5 7 C ) 9622 1824 5 2 9 8 114 
91 
H ( 5 8 A ) 8 6 3 9 2 9 6 9 6 5 3 0 1 3 9 
H ( 5 8 B ) 7 7 4 4 2 8 0 0 5 9 4 8 1 3 9 
H ( 5 8 C ) 8 0 8 6 3 7 9 2 6 2 6 2 1 3 9 
H ( 2 4 A ) 7 6 1 5 6 2 8 8 8 6 2 68 
H ( 2 4 B ) 6 7 2 1 1 0 4 7 9 1 3 2 68 
H ( 2 5 A ) 6 7 9 9 - 6 0 3 8 1 4 9 70 
H ( 2 5 B ) 6 5 4 8 - 5 1 8 9 0 3 5 70 
H ( 2 7 A ) 4 7 6 1 4 3 7 7 3 8 0 63 
H ( 2 7 B ) 5 6 3 5 12 7 0 7 5 63 
H ( 2 8 A ) 5 5 9 8 1 6 5 8 8 0 6 4 55 
H ( 2 9 A ) 5 1 2 2 1 7 1 0 6 6 6 1 6 1 
H ( 2 9 B ) 5 8 9 2 2 4 2 6 7 0 2 0 6 1 
H ( 3 2 A ) 7 1 9 1 8 6 6 4 7 0 2 74 
H ( 3 3 A ) 7 2 8 5 2 5 2 7 7 7 4 2 1 0 4 
H ( 3 3 B ) 7 9 6 6 2 1 3 3 8 3 8 1 1 0 4 
H ( 3 3 C ) 7 0 3 5 2 4 9 0 8 6 2 0 1 0 4 
H ( 3 4 A ) 4 1 0 5 - 1 6 2 4 8 5 2 6 97 
H ( 3 4 B ) 3 7 9 6 - 9 1 9 7 9 1 9 97 
H ( 3 5 A ) 3 7 7 0 -6 9 0 1 0 1 2 0 
H ( 3 5 B ) 4 4 6 4 - 5 7 3 9 5 0 8 1 2 0 
H ( 3 6 A ) 4 7 7 7 3 3 3 4 4 7 8 9 1 3 9 
H ( 3 6 B ) 5 7 6 0 3 4 4 5 5 2 3 7 1 3 9 
H(36C) 4968 3034 5655 139 
H(37A) 4552 589 4365 141 
H(37B) 3971 1437 4224 141 
H(37C) 4188 1156 5093 141 
H(38A) 6107 1355 3554 119 
H(38B) 6518 2329 3848 119 
H(38C) 5546 2208 3380 119 
H(64A) 8874 8958 4449 70 
H(64B) 8410 9880 4336 70 
H(65A) 7316 8738 4448 80 
H { 6 5 B ) 7 1 4 2 9 1 2 5 3 6 1 5 80 
H(67A) 7686 8151 2372 67 
H(67B) 8164 7250 2540 67 
H(68A) 9408 8043 3239 57 
H(69A) 10053 8562 2192 61 
H(69B) 9357 7788 1803 61 
H(72A) 8124 10026 165 74 
H(73A) 9819 10400 3794 98 
H ( 7 3 B ) 1 0 1 6 7 9 8 4 4 3 0 5 2 98 
H ( 7 3 C ) 1 0 2 4 0 9 4 5 3 3 8 8 5 98 
H ( 7 4 A ) 6 9 0 9 6 1 3 5 3 0 1 3 1 1 4 
H ( 7 4 B ) 6262 6 2 9 4 3 6 9 9 1 1 4 
H ( 7 5 A ) 7 3 9 2 6 5 1 3 4 6 3 5 1 3 0 
H ( 7 5 B ) 7 9 3 9 5 9 7 1 4 0 0 1 1 3 0 
H ( 7 6 A ) 8 4 9 5 8 9 0 7 - 1 1 6 2 1 4 5 
H ( 7 6 B ) 9 3 8 7 8 4 7 2 - 1 4 2 0 1 4 5 
H ( 7 6 C ) 9 4 3 0 9 4 3 8 - 9 4 5 1 4 5 
H ( 7 7 A ) 8 0 7 4 7 2 6 6 - 3 1 1 1 3 9 
H ( 7 7 B ) 8 7 8 7 6 9 6 1 3 5 2 1 3 9 
H ( 7 7 C ) 8 9 6 6 6 8 1 4 - 5 5 2 1 3 9 
H ( 7 8 A ) 1 0 8 1 8 8 8 0 1 2 8 8 123 
H ( 7 8 B ) 1 0 7 6 5 7 8 1 6 - 1 5 2 123 
H ( 7 8 C ) 1 0 5 8 7 7 9 7 5 7 5 2 123 
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m oj LDcoai—oiin—OD — — "^GDOoj(MoojcD"*TGOino—inor«*"""^cDCD CD CT> GOoornrvjcD 一 — oouim 〜 o m t o n o 一 rncDiDiDCM E lO ai inoaom — rvjti3r^o>omiD"^”r-H0 7 0 卜 — — ” Current Data Parameters d uiin LOunoaia>GOLOinoor^if)n«»"«ooa)tD"^ —⑦ m — or-^in”m(M •“ … Q rr ru — — 0"^"^"*:T"*T”"^mmmnmmcMnjrvjm"^mmr\irurururvjnj HAMt 0<Dd 
rv r^  m m m m r u r v i r v j n j f v i f x i c v r v j r v j r u r u a j f v r v j r v j — — — — — o o o o o EXPNO 1 
Inifn^  fll fl F2 - Acquisilion Parameters Oate_ 200006H 
Tiff« 6.07 
INSTRUH d0x3OO PnoeHO 5 _ Dual 13 
PULPTOG zg 
TD 32768 
H O SOLVENT C0C13 
(HaQaSi. x ^ V " ^ 'o 
\ / A \ SWH 8992.005 Hi 
fl U \ / FI0PE5 0.274439 M7 // \V AO 丨.82 丨 9508 sec 
w \\ w 55.600 usee 
O OE 6.00 usee 
TE 300.0 K 
01 I 00000000 sec 
(+)-1 1 7 ............ CHANNEL fl  
NUCl IH 
PI 4.50 usee 
PU -2 00 08 • 5F01 300 131?000 M芝 
F2 - Processing oaramcters 
SI 32768 
SF 300.1300057 MHz 
HOW EM 
SS8 0 
LB 0.30 Hz 
G8 0 
PC 0.50 
10 NMR plot parameters 
CX 23.00 cm 
I FIP 10.000 pom 
jU / n 3001.30 Hz 
JU \ . y ^ M J V ^ F2P -J .000 ppm 
tl II I I II I -300.J3H； 
j\ M \ / \ / PPHCH 0.47826 POm/cm 
L a J ^U o 瞻 
S 2 S S§ -SS g 
S O ^ ° ° ° " ° 
c — o — I ID — 丨 
.,I ,• I I -T^r-.--, -i-r -r . I I I I I | . I .T r-T r r~r""f-「t，, T rf-厂r Tyr-T~t~ T~r~r TT.r pr~rT.TT I • i T | i T i i i 厂•pT^TTT I i I i i | I T - r - ^ T i , , , | I ' ' ' ‘ ‘ •‘ '"l 
oom g 8 7 5 5 4 3 2 1 0 
Current Oala Parameters 
NAME p252 
EXPNO 2 
^ JO s S ^^  ^ g! JC ？!C S S ；^  o 1 
e A S - " - 二 - - ^  〜山、-①—， o - AcQutsUion Parameters S o g J{专 S 二 ！：  S 15 T Date. aOOOOBM 





SWH 22675.736 fU 门DOES 0.346004 Hz 
AO 1.4451188 sec 
PG B192 
OW 22.050 usee 
OE 6.00 usee 
TE 300.0 K 
01 I.00000000 sec 
dll 0.03000000 sec 
…………channel m -
NUCt 13C 
PI 3.00 usee 
PLJ -6.00 dB 
SF01 73.4745111 MHZ 
CHANNEL f3  
CP0PPG2 warn 16 
NUC2 IH 
PCP02 100.00 usee 
P12 120.00 dB 
P\_\2 19.00 dB 
SF02 300 1315007 MHz 
F2 - Processing parameters 
SI 65536 
ST 75.4677572 MHz itD¥ EM 
SS8 0 
LB 3.00 HZ GB 0 
PC 1.40 
10 NMR plot Darameiers 
CX 23.00 cm 
FIP 320.000 ppm 
n 16603.91 H? 
F2P -20.000 pom 
HZCM 787.48962 H z / c m 
, , ， • • , , , , • 「 , • . , • , I • I T — T - T T - T T 1 I I . I > 1 t i-^-t-T-T-T-f-TT r I r I I I r iT-r r-r-T-r-r^-r-T-T-r-r-r-pT-r-n-T-r r T T 丁 t"i ^ r t - r . . . - . 
opm 200 150 100 50 0 
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厂 ① 口 i D C D O " ^ U D a D m n j n j m r v i r ^ r u m u n n j O T ' ^ id ru lo oo -^r m ti nj rvj cd r^ r-. _ fM 二口 O O T i n e o o o r v j — c D o o i r - ^ m 一 — （i3oco〜r\j"*Tin 门 m 
邑 - S S Currenl OaU 
a mr^ rvj cocooo 一 ooo”mrnajioiOLOUDu">inu">ui""T"*T，mmmm 一 — rvj — — MA HE 
r^  r-^  mmmmmmrnojnjtMrvj — — 一 — — — — — — — — — — — o o o EXPNO I 
N/ 赚即 ‘ 
1 1 n iTl IMIflT r (T F2 - AcQuisilion Parameters 
Oalc_ ？0000614 
U m e 6.58 
IMSTPUH dp*300 
PPOOm 5 mm Dual 13 
PaPROG zg 
x^N. TO 32768 
o N SOLVENT C0C13 
H \ / KS 16 
(H3C)3Si. x^^^V^^O 。 
~ \ X \ 5KH 8992.806 Hz 
/ i ~ ^ \ 3 FIOPES 0.274439 Hz 
/ / \\ AO ！ .8219508 see 
O U DW 55.600 usee 
A 0€ 5.00 usee 
^ TE 300.0 K 
01 1.00000000 sec 
/ I \ A A Q CHANNEL n  (土h”8 MUCl IH 
PI 4.50 usee 
PLl -?.00 tJ0 
sroi 300 1312000 m z 
F2 - Processing parameters 
SI 3?76B 
ST 300.1300063 MHz 
HOW EM 
SSB 0 
LB 0.30 Hz 
G8 0 
PC 1.00 
10 NMP plot Darameters 
CX 23.00 cm 
I - FIP 10.000 PDrtt 
AA 3001.30 H2  
J L J V j \ 一 '^Vv, ^ V. r?P -1 .000 pom 
I . n F2 -300.13 M之 
I V / PPHCH 0,4 7826 opm/cm 
— o — ⑦ — Vf ^ to HZCM 10.54044 Hz/cm 
I® o o — 〜 o ^ 
Si o r^ 卜 o 一 o ” 
Z o o o — o — o 
w . • 
三 — I 对 — rvj ID ro O) 
I r T f r T R T •丁 r-r r r I I t < T | - T - T T - T I r T - T — T「 r . i } } ， T - T - R - T - | - ' ' r r R.’ i-r R j - r R T r ~ r r-T-R -F 厂厂「_T_ T T - T T T . T 厂.r T~I I I T — M - j T r > T i i T I i [ I I I I I i I T r R T - I i - . r】 
Dpm 9 8 7 5 5 4 3 2 1 0 
Current Data Parameters 
NAME 0251 
EXPNO 2 
CD r ^ m r j m r^ o o r o o — o to »n -^r CD rvj r^ -^r PROCNO \ in CD ci in o in rvj o r^  uo oo oj o r>» co o o> m 
gm fo o TT 1X3 CO r^  "^oin— — r--— GDOiCDOT 艾 o 
a - • r- r- to n V lo ru r^ " o ID W 二 P? - ACQUi3ition Parameters ^ S !n ^  m S o f^ f^ r^ SS tj n m ro n oj aj . Oate_ 20000514 






SKH 22675.736 H z 
n O R E S 0.346004 Hz 
AO 1.4451188 sec 
RG 8192 
OH 22.050 usee 
oe 6.00 usee 
TE 300.0 K 
01 1.00000000 sec 
dll 0.03000000 sec 
............CHANNEL M ……‘ 
NUCl I3C 
PI 3.00 usee 
Ptl -6.00 dB 
SFOt 75.4745111 K m 
CHANNEL f2  
CPOPflOa waltz 16 
NUC2 IH 
PCP02 100.00 usee 
PL2 120.00 (JB 
PI：? 19.00 d8 
5F02 300.13丨5007 MHz 
F? - Processing parameters 
SI 55536 
SF 75.4677593 MH? 
KOW EH 
SSB 0 
La 3.00 m 
GB 0 
PC 丨.40 
to NMR plot oarametcrs 
CX 23.00 c« 
FIP 2?0 000 ppn 
Fl 1650?.91 Hr 
F2P -20.000 Dpn 
1 1 I 1 ^ I J[ [ k A Jil _1J J fs -t5og.36 Hr 
PPMCH 10.43478 ppm/cm  
HZCM 707 .4896? Hr/cm 
,,,I , I , , , I I , , I , , , , , , , I I , , r r I » t I I I » I ; » I » > t ' 1 I ' I ' ' I » 1 1 I t t T 1 I 1 1 厂广r i i i i T~「f~r ” rrrM i t i > I » > i i ( ' I i i i • i i ' ' ' ' \-T-t-r~r-rn ~T-m r-f | ! » i i i i t i i i 
ppm 200 150 100 50 0 
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rr o ” n j " n r \ i r \ j u D C D O — in 卜 卜 卜 r x T f — o i n — 卜 o i D — o l o 一 m o j i g c T i 
o UD i D i n i D f ^ Tj a i r v . o m ud m in t o o • ^ r - . c v j r o i o i o m ^ t o o ^ . ^ . ^ . 
B o o i a i i n ” f M T 7 r v j « - « o u 3 t D r n i D t o 臂 卜 — o o D 幻 in Curren t Data Pa rame te r s 
I ^ 2 = ::name sosocett^-e 
1 I f2 - Acquisition Parameters 
Oate_ 20010329 
Time H . O l 




H 〇 ） NS ！6 
SKH 8992.806 Hi 
\ \ \ FIORES 0.274439 Hz 
\ QW 55.500 usee 
U OE 5.00 usee 
TE 300.0 K 
01 J.00000000 see 
… … … … C H A N N E L f 1 … … ' 
(+)-121 喊 1 ，H 
\一' PI 4.50 usee 
PU - ? . o o m 
• SFOl 300. I3t?000 
F2 - Processing parameters 
51 32760 
SF 300.1300060 MHZ 
HOW EM 
SSB 0 
18 0.30 Mz 
G8 0 
PC 1.00 
10 NMR plot parameters 
CX 23.00 cm 
FIP 10.000 POffl 
I . J F1 3001.30 Hz 
I 1 J [ X . J ^ L J F2P -1 .000 pom 
— I . I I F2 -300.13 Hz 
1 K J \ PPHCM 0.d7B26 potn/cffl 
\ 一 \ ^ HZCM 10.5功44 H2/cm - g 2 r? 5 S S 
I g s g g; 3 g § 
t 二 TT o j - r - m Oi 
I I ... I I I I I I I 
U 9 8 7 5 5 4 3 2 1 0 
Current Data Parameters 
NAME 5o50c5U4-5 
EXPNO ？ 
-- S ；；]§!：； I^^ S； 三 ™ ‘ 
e - - - [n ” o i n 〜— ^ ud ^ ^ ^  r. � ^^  . acquis. I . on Parameters 
g 5 -5 2 s g ？ Date. 20010339 
— — — — — I I I .. I I I J J J Time 





SHH 22675.736 Hz 
Fiones 0.345004 m 
AO 1.4451189 sec 
RG B192 
OW 22 050 usee 
OE 6.00 usee 
TE 300.0 K 
01 丨 00000000 sec 
dll 0.03000000 sec 
…… = : • … C H A N N E L n … … . 
MUCl t3C 
PI 3.00 usee 
p\_\ -5.00 dB 
5F01 75 4745111 MHZ 
8 CHANNEL r?  
cpornc? waitiB 
NUC? 1" 
PCP02 100.00 usee 
Pl2 120.00 dB 
Pl\2 19.00 dB 
SFO? 300.1315007 m z 
F2 - Processing paraffeters 
SI 55536 
SF 75.4577496 MHz 
HOW EM 
SSB 0 
L9 J.00 HZ 
GB 0 
PC ».40 
10 NMR plot parameters 
CX 23.00 cm 
F IP 220 000 ppm 
n 16602.90 HZ 
F?P -20.000 Dpm 
, ^ ^ ^ , , ^ , . I , , I I I I , r T 1 — 1—r-r-T-r-T r ' - r t - ^ T-T-T-i—r-t tt-I- •'-t T• r -r r x i - r t-T-T r T ] T-rT-r-r-TT-i i r T - n - t - r ‘ i - r ' ' ' ' i '' | ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' i ' ' ' ' ' ' ' ' ' 
pm 200 150 100 50 0 
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oj ru mcDCDLoaDLOOjr>. — 一 ” — mmrvjinmoj — ui—coOTiomojr^ — to^^rojcomocTi 
o — o o j r n 一 cDa)，ir) — OTtN^TT 卜 TTinaorvjtoinGominooiooi �m t o t o n j 卜 • « . 
B o o Qi 臂 oicD 臂 — — r-><£)omrvimai—f"--r--rnno Current Odts Parameters 
d ID lo cvjoj — in— cncor^touitnnmcM-^ — - 成 • " • 麻 
rvj— — — — — — — — — OOTCJ>cn"*Tm — CD 臂 mrnmcvjrvjnjfxjojoj MAMt coup 11 ng 
卜 卜 iDininiT)"^” rr TT TT TT TT TT TT TTTj TT TT Trmmojruojoj — — — 一 — — — — — — 一 EXPNQ I 
\ I \ \ F2 - Acquisition Parameters 
Date. 30010712 
U m t 丨 5.25 
INSTRUM dp*300 
PROGHO 5 flw Dual 13 
PuiPnoG zg 
/ ] TO 32768 O、 I SavENT CDC 13 
NS 8 
\ ~ B 「 8992.806 H i 
y ~ < \ / FIORES 0.274439 Hr 
// \\ ^ , AQ 丨.82 丨9508 sec 
C y U n \ PG 18 
〇 C O 2 C H 2 C H 3 55.600 usee 
^ ^ OE 6.00 usee 
TE 300,0 K 01 1.00000000 sec 
^ CHANNCL M -
• 切 MUCl IH 
PI 4.50 usee 
P U -2.00 dB 
• SFOl 300,1312000 m i 
F 2 - Processing parameters 
SI 33768 
SF 300.1299953 HHr 
KOM EM 
I S58 0 
I L8 0.30 H z 
GB 0 
PC 1.00 
I I 10 NMR plot parameters 
Y 丨 C X 33.00 cm 
I I || I FIP 10.000 OOfl 
il . H. ILjJ/ vv illiijL—JJUkUU^ A . f“ 二 
A / \ /V!\\\ /f r 王 
o ^ ojl o 03 —oo^ T^iD — — •^^--•^toinn 
; o GDI en a> OJ o ⑴卜 cno — o 二二 了？！ 2 � S 
c o 0 0 一 ai m — — mojcn —卜— o m r v j r v j o o r n 
g* o r-x m f\i 10 o ' ^ t o r v j r ^ i n r ^ m ^ o ' ^ o r ^ ' ^ 
£ rvj o o o o o — 0 0 0 0 0 0 0 0 m 一 ruorvj 
I I • • . … … 丨 I •丨 •厂 ‘• ‘ 1 I ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ I ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ I 广 厂 … … I ‘ T 
1 卩 pm 9 9 7 6 5 4 3 2 1 0 
Current Data Parameters 
NAME coupling 
EXPNO 2 
^ S — fncDrou3UD7ncD 一臂 臂 rr cn in ui m O) p- ^ iD o ^ ^ ai m a; in cd rvj cn oj pj - Acquisition Parameters 





SKH 226巧.736 Hz 
FIOflES 0.346004 Ht 
AQ 1.4451188 sec 
RG 8192 
OH 22.050 usee 
DE 6.00 usee 
TE 300.0 K 
01 丨.00000000 sec 
dll 0.03000000 sec 
............CHANNEL f\ 
NUCl 13C 
PI 3.00 usee 
Ptl -6.00 dB 
SFOl 75.47451丨丨 MHZ 
CHAMNEL f2  
, CP0PRG2 w a l U I 6 
I MUC3 tH 
PCP02 100.00 usee 
Pt2 120.00 dB 
P l \ 2 19.00 d0 
SF02 300.1315007 MHz 
F2 - Processing parameters 
SI 55536 
SF 75.4677631 MHz 
KOM EM 
I SSB 0 
LB 1.00 H; 
GB 0 
1 PC 1.40 
10 plot parameters 
CX 23.00 cm 
FIP 230.000 OP" 
F丨 16602.91 HZ 
I F2P -20.000 pp« 
^ HZCM 787,48969 
, I I   
pom 200' 150 100 50 0 
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j l ^ p c n i o o l 口 oi 一 m c D i n c n ^ ^ i t o — • ^ r v j r u o i o i o m 卜 i n r u o o i — 卜 r e t o o l — ID 卜 t o o D 
_ ® ^ 二 ” CO o ID o — o " * T L O < T » r v j c D t x ) m c D r " - - v n r \ j m 一 C D i o 一 C O — o 
o S § current Data Parameter， 
a , 卜 i^ootnoruojojojoj 〜———mmcT>o>co，"^m®GOcoir)in"*T"*Tmmrvj(\jrvjrvj NAME ？p246oroduct 
灯臂 TiTTTiTr"«TrTTrTrTrmf\jrvjf\jajr\jf\jr\j-"«"^�-« — — EXPNO l 




门 PnOBHO 5 Dual 13 yV PULPROG zg 
( ( TO 32768 
‘ \ SOLVENT CDC13 
SKH 8992.806 Hz 
FIDOES 0.274439 m 
O CO2CH2CH3 AO 1.8219508 «C 
OH 55.500 usee 
D£ 6.00 usee 
TE 300.0 K 
^ 2 g 01 1.00000000 sec 
. . . . . . . . . . . . C H A N N E L f I 
MUCl IH 
PI ( 5 0 usee 
• Ptl -2.00 d9 
SfOl 300.1313000 HH; 
- Processing oarameters 
I 51 32768 
SF 300.1300060 MHz 
HOW EH 
. 558 0 
LB 0.30 HZ 
G8 0 
PC t.OO 
10 NMR plot parameters 
CX 23.00 c» 
j , M P JO 000 ppm 
A A ； A J U L j W I J^p 3二 二 
j\ ) \ i\ J J \ J \ Aiw\ --
- o (0 ol 〜 — 〜 （rr o A 0 仏 U^、 "ZCM M3.54044 
« o m in UD o O) r u c o m n m — o n m o ^ 
k o — o r u n 卜 — C T i " * T n u3 0 J � r u i 0 — o 
«j o ® o j 03 n j o ( j i r v i - ^ C T t - ^ o i " ^ r i n t n i n — « 
S OJ o o 0 0 rvj — 0 0 0 丨 o o o r u o r v j m 
r ^ I ‘ I 了了-| I I ‘ 丨 I I I 丨丨 M I • • -r-r-f ' t > • r r ‘ t - ^ p ^ - r - ^ ' • ' ' | 丁 t^t”r-r-.-^-n-^ 
pom 9 8 7 6 5 4 3 2 1 0 
Current Oata Parameters 
NAME p246 
EXPNO 2 
m m cn -T r-v ro uD lo — — GO in 一 CD UO OO OJ to in a s i n - ^ c o - ^ o c D PROCNO I 
卜 o O J — r v j c v o ^ cn o j o r^ — c o c o m — m r u r » » " * T r > - i n � r ^ « o D O T 
cs r ^ o o m o i — m o o c o c O T r -^ r o m — c n m c o — r ^ o i i n r v j r ^ — o o i o o r ^ 
Q . , . . , • . . . . . . • . . , . 二 」 I . • 二 汽：一•二 F2 - AcQuisitlon Parameters 
s 0° f：： Sf s S 二？ ；^  2) 2 P： f： fS Date 200006M 






SHM 22675.736 Hz 
FIOPES 0.346004 H z 
AO I.4451I8B sec 
RG B192 
OH 22.050 usee 
0£ 6.00 usee 
TE 300.0 K 
01 t.00000000 sec 
dll 0.03000000 sec 
… … … … C H A N N E L r i … … . 
NUCl 13C 
PI 3.00 usee 
PLI -6.00 dB 
SfOl 7 5 . 4 7 4 3 1 1 1 MHZ 
CHANNEL 12  
CP0PRG2 waltzlB 
MUC? IH 
I PCP02 100.00 usee 
PU2 120.00 dB 
PLi? 19.00 dB 
SP02 300.1315007 HH; 
F 2 - Processtng parameters 
SI 55536 
SF 75.4677548 MHz 
WOH EM 
S58 0 
LB 3.00 Hi 06 0 
PC \.*0 
10 NHfl plot parameters 
CX 23.00 cm 
F!P 2?0.000 ppm 
I n 16603.91 HZ 
I I F2P -20.000 ppn 
HZCM 787.48963 Hz/c« 
t I I  
p p m 2 0 0 150 100 5 0 0 
97 
in 03 lO — 卜 a > o r * - r n o o f n c T ) G o a » o a O " « T O D " ^ o a 3 " * 7 " « T 卜 o j m i n 一 Current Data Parameters 
s O f - " c o c o n — • o c i c o t o t n r n o ' ^ o c o i o i r ) ^ T O J c \ j o o c o r - > . t ^ r ^ ' * T TT —< en r>. rr   
d r\j — L D u D f M o j r v j — — 一 一 m m m m 7 ” ” " 》 T " « T ” " * T o o c n c n c n a D c o m i n o j r u o j NAME 024 7 
a rs. r^ in m 呀 t t tt ti T T r n r n r u n j c v j r v j o j r v j r v j o j r v j n j r v j — — — — — — — — — EXPNO 1 
V J^ 咖 ， 




PflOQK) 5 mm Dual 13 
〇 PULPPOG 2g  
u TO 32768 
1 1 ^ \ 1 SWH 8992.806 Hz 
U j) II 广Z FI0PE5 0.274439 Hz 
O COoCHoCH-J AO 1.8?19508 sec 
^ ^ ^ O FtG 101.6 
OK 55.500 usee 
OH 6.00 usee 
TE 300.0 K 
01 1.00000000 sec 
CHANNEL f 1 
NUCI IH 
PI 4.50 usee 
P U -?.00 08 
• SFOI 300.13l?000 MHZ 
F 2 - Processing parameters 
SI 3?760 
SF 300.1300057 MHz 
WOW EH 
SSB 0 
I 10 0.30 M7 
GB 0 
PC 1.00 
I 10 NMfl plot oaraffielers 
I, 1 CX 23.00 cm 
I n f F!P 10.000 Doni 
J JV J _ y U ^ u J U i 二 ： 
“ II II i| I 1 -300.13 HZ 
\ / I / \ \ \ PPHCH 0.47826 oom/cm 
\ \ \ \ 」 _ HZCM 143.54044 Hz/cm 一 CD o r « - r ^ o a o c o o — 
% IT) to oj Tx o in oj o 
c o OJ r n c D O — O D — o 
o o o o — o o " ^ — 
二 . . . ， ， . . 
c CM — r v j r v j m — m m m 
' 11 I I'''' '' I 丨 I 1 I ‘ 
ppm 9 8 7 5 5 4 3 2 1 0 
Current Oata Parameters 
MAHE 7 
EXPNO 3 
s § 5 s — - = ^ - - 二 - -0S.3 





SWH 22675.738 Hz 
FI0R6S 0.346004 HZ 
AO t.4451168 sec 
RG 8192 
OX 22.050 usee 
OE 6.00 usee 
TE 300.0 K 
01 1.00000000 sec 
dll 0.03000000 sec 
............CHANNEL n 
NUCI I3C 
PI 3.00 usee 
PLI -6.00 dB 
ISFOl 75.474511! HHz 
CHANNEL f? 
CPOPHG? waltz IS 
I NUC2 JH 
PCTO2 100.00 usee 
P 1 2 120.00 dB 
PLI2 19.00 d8 
5F02 300.1315007 MHz 
F2 - Processing parameUrs 
SI 55536 
SF 75.4677538 KH? 
HOW EH 
SSB 0 
LB 3.00 HZ 
G8 0 
PC 1.40 
to NMfl plot parameters 
CX ？3.00 c« 
FIP 220.000 ppm 
FI 16602 90 Ht 
F3P -20.000 口 0 « 
,I , I I I I I I I I I I I I I T-l I II [ ' ' ' I  
Dom 200 150 too 50 ° 
98 
OCT a>r\j**TiDoa>CMioOTmruiomrviornnooto — rvir^ocn”tnTOTiniD— CDcncDCDO � — f\ior-Nr\jinf--fvio — 一 — — 一 rnniDGOco — — t S ；^  Curreru Oata Parameter， 
Q r v j — m n m m m m m — — — 一 — — — o o o o o o o o o o — 一 a 3 c o m m r \ j a j o j a i f \ j r u NAME 02^9 
p^ r>. i n i n i n u " ) i j n i n u " J々 " V 7 艾 ， 臂 i m m n r n r u f v i — — — — — •一 一 一 EXPNO J 
I 厂 炒 _ ‘ 




p . 11 PR09H0 5 mm Dual 13 
PULPflOG zg 
/ TO 32768 
丨 \\ ^ 5HH 8992.806 HZ 
V y V\ n O P E S 0.274439 Hz 
〇 CO2CH2CH3 AO 1.8219508 sec 
OW 55.500 usee 
OE 6.00 usee 
TE 300.0 K 
01 1.00000000 sec 
............CHANNEU r1 
NUCl IH 
PI 4.50 usee 
PL1 -3.00 00 
‘ SFOl 300,丨312000 HHz 
- Processing parameters 
SI 32760 
5F 300.1300063 MHz 
WOW EM 
SSB 0 
L8 0.30 H2 
G8 0 
PC 1.00 
I 10 NHfl olol Darameters 
j I CX 23.00 cm 
Ml FIP 10.000 ppm 
ll . _ J1 /I Ji Jl /WW^ J^Iv I fJp 3二S pm 丨 M I D 1 B I•丨 I -300.13 Hz / i I / \ \ PPHCH 0.47925 Dpm/cm 
- O A — L u^lnh ⑷ 
n o m 00 o in r^ Tf oj to o 
S- o 〜 lo cn — o o r^ cr> o ai g* I o o o o lO"^ — oruoo 
三 j Aj 一 n oj — ru m| 
I '……• ' I ……• ' • I …••…I I ••……•「 …I ………I I !'''''''''!'• I …-
ppm 9 8 7 6 5 4 3 2 1 0 
Current Data Parameters 
MAME 5n9?cUl7stm3 
EXPNO 2 
f^  ooniDcncniD — o uD-^ ojcJior-— m njcatointD；^ ;^^；^ ；^；^  PflOCNO * 
TT fu 卜 r^ino — cncncM ojoor^iu")卜 卜 二 臂 2 
e — a, r. ^ ur ^ o r. ^ 卩2- Acquisition Parameters 
S fS ；： P： fS S S S S ^ ^ ^ ^ ^ ^ ^ ^ ^ Oat«_ 20010523 
I W V l / " M / S y S 1 ir 





SWH 22675.736 Hz 
FIOflES 0.346004 Mz 
AO 1.4451199 sec 
PG 8193 
OH 22.050 usee 
OE 6.00 usee 
TE 300.0 K 
01 \.00000000 sec 
川 0.03000000 sec 
CHANNEL M -
NUCI 13C 
P! 3.00 usee 
PL I -6.00 dB 
SFOl 75.4745ni HHZ 
CHANNEL fa  
CPOPncS waltz 16 NUC2 IH 
PCP02 100.00 usee 
PL2 120.00 (J8 
PL12 丨9.00 dS 
SF02 300.1315007 KHz 
] F2 - Processing parameters 
51 55536 
SF 75,4677531 HH? 
HOH EH 
SSB 0 
L8 1.00 H i 
GB 0 
PC 1.40 
10 NMq plot oarameters 
CX 23.00 cm 
FIP 320.000 opm 
n 16602.90 H* 
F2P -20.000 pp« 
HZCH 787. 48956 Hi/cm 
I ‘ I 入. 
Dpm 200 150 100 50 0 
99 
25 二 卜 in CT» to — ” G O C T i r - - i o a > t o r > o i o r v i o o — o t n " v t D i r ) C D i n n t o r " - o o i r n n j 
rn 安 m m o o ^ f \ J u D a o r \ j r ^ o j c T i r - . c 7 » v r ) L O O TT o o c o r N - i o u D i n c O C T ^ C T i a ^ L O 
Q S S ？ Pi™ current Data Parameters 
OL m rvj 卜 — — m u i t n i n — • — " ^ m o o o i c o o o m o o c o c o o o o o t o i o t n i n i n r v j r u r v j ham£ c260ltB-8 
〜 r ^ in in in 对 T r m m m m m m r u a j r u r v j — — — 一 」 二 — — 一 — — 二 一 — 一 一 ― EXPNO \ 




PR08H0 5 mm Dual 13 
PULPROG zg 
O H 了 D 3 2 7 6 8 
u ^ n savENi A c n o n 
/ / \\ / SWH 8992.906 Hz 
^ ^ ^ ^ ^ H O P E S 0.374-139 Hz 
C ) Yi AO 1.8219508 sec 
^ RG 1 0 . 7 
U DH 55.600 usee 
DE 6.00 usee 
TE 300.0 K 
01 丨.00000000 sec 
1 2 9 … … … … c h a n n e l fl 
MUCl IH 
PI 4.50 usee 
P U -2.00 dB 
SF01 300.1313000 MHz 
F2 - Processing parameUrs 
SI 32768 
SF 300.1300066 MHz 
KOX EM 
SS8 0 
LB 0.30 Hz 
丨 G8 0 
PC 1.00 
10 NMfl plot parameters 
CX 23.00 cm 
J 1 A X J L V ^ L ^ _ _ _ • ：• E: 
I I 11 I II ^^ -300.13 HZ 
丨 \ I \ / / PPHCM O.4702B ppm/cm 一 o h fo、 ⑴卜 u, La, o - "ZCH H3.5^044 Hz/c« 
« O ID OJ r v C > CD TT CD 
o — n o c o o o 
Z o o — o o o o o — — 
— — — -f— — m rvj r\j m 
「 ^ r ^ r n ^ n ~ • … | … … … | . ， ' … • 「 ’ … … ' I T T , , , J , … | … | , … … - - ] 
D o m g 8 7 6 5 4 3 2 1 0 
Current Data Parameters 
NAME c260lt6-8 
EXPNO 3 
o 一 艾 m m ， CM T T o r ^ 卜 o to o m 03 rvj PROCNO \ 
OJ rvjto — " ^ o o ^ OJ o 卜 co c n c o m m rvj 
p o — oi — o 一 — TT o iD m m 一 m m — 
Q r^ f^ iri ^ (ji 00 ID V - Acquis it ion Parameters 
a S ^ ? § m S § f ^ f ^ p ^ i o ^ (M rvi OJ (M Date. ？0000626 






SWH ？2675.736 HZ 
FIORES 0.346004 Hi 
AQ 1.4451188 sec 
RG 8192 
OW 22.050 usee 
OE 6.00 usee 
TE 300.0 K 
01 \.00000000 sec 
dll 0 03000000 sec 
............ CHANNEL fl ••••••• 
NUCl I3C 
PI 3.00 usee 
PLl -5.00 dB 
SrOI 75.4745111 MHZ 
— C H A N N E L  
CP0PPG2 w，IU15 
NUC2 IH 
PCP02 100.00 usee 
Pt.2 120.00 dB 
P U 5 19.00 08 
5F02 300.1315007 MHz 
F2 - Processing parameters 
51 65536 
5F 75.467753B KH? 
HOW EH 
S5B 0 
LB 3,00 H； 
Ga 0 
PC 1.40 
10 NMfl olot Daraffeters 
CX 23.00 cm 
FIP 220.000 po« 
1 Fl 16602 90 HI 
I - ' " I I    
oom 200 150 100 50 0 
1 0 0 
I ? ^  S current Oata P 肝，�,ter， 
. . ^ 二 二 — irj 贺 臂 二 ？ o c j c n o r u — — 一 — c H O T c n c n c n O T c n i n t n u i n j name 4p46c6tt3't0 
N 〜 卜 I T . ， ， ， m m n m f n r n m r \ j f \ j r \ j a j r v j r v j c \ i — — — 二 二 二 EXPNO I 




PROBHO 5 Dual 13 
L. ^ PULPROG zg l^ sk y^^/^、、 TO 32768 
\ / \ \ SOLVENT CDC 13 
f l ^ A V oi 
^ SWH 8992.806 H z 
U \\ FIOOES 0.274439 H^ 
O AO 1.8219508 sec 
RG 64 
OH 55.600 usee 
DE 6.00 usee 
TE 300.0 K 
1 3 0 01 1.00000000 sec 
• … … … • • CHANNEL f I … … . 
NUC! IH 
4.50 usee 
P U -2.00 dS 
SF01 300.1312000 HH7 
— Processing parameters 
SI 32768 
SF 300.丨300060 MHz 
WOH EH 
ssa 0 
LB 0.30 HZ 
GB 0 
PC 1.00 
10 NMP olot parameters 
CX 23.00 cm 
I H P 丨0.000 ppm 
丄 A A 一 M JU V^UV F2P T^ooo pom 
j I \ P \ j \ PPMCH 0.-17825 Dpm/cm 
- fol in m f^ 7 nifru cnl m (oi _ 143.54044 Hz/cm ？ o ru in cn to ru o) ru 卜 
X o m 0 臂 — m — 
« o o — 叫 
«£ 一 •^l 一 一 一 mnl 一 I rn| 
I I ' ' • I I I I I I ' • ' I I I I 
PDm 9 8 7 5 5 4 3 2 1 0 
Current Data Parameters 
NAME -ip^^tia-iOLS 
EXPNO 2 
oj oj — IT) 巧 rv m CT» rr ID o "^T — cn fvj • uo PHOCNO 1 
« ^ uD o CO to (M a> in — 卜 n ^ j o t o r u o 
g to CD o 一 en m — ^ ct> ir> oj 一 c o q i c o i o 
Q. • • • • • • • I. •二 • • • • • ' • • F2 - Acqutsttton Parameters Q cn in IT) 01 to CO o 卜 loioio co oo r>. m cm p^  
m -^r rr m m oj oj r^ r^ r^ . iq -t rvj rvj rvj ru oj Oalc_ 20000915 






SHH 22675,736 H z 
n O P E S 0.346004 HZ 
AO 丨.445丨丨88 sec 
PG 819? 
OH 22.050 usee 
Oe 6.00 usee 
TE 300.0 K 
01 丨.00000000 sec 
dll 0.03000000 sec 
............CHANNEL M ……• 
MUCI 13C 
PI 3.00 usee 
P U -6.00 dB 
SFOt 75.47451丨丨 MHZ 
— C H A N N € L '2 
CPOPPGS waltzie 
NUC2 IH 
PCP02 100.00 usee 
P12 IJO.OO (JB 
P U ? 19.00 (JB 
5F02 300.1315007 MHz 
F 2 - Processing parameters 
51 65536 
Sf 75.4677593 MHz 
HOW EH 
5SB 0 
LB 3.00 H i 
G8 0 
PC 1.40 
10 _ plot parameters 
CX 23.00 cm 
FIP 220.000 ppm 
) n 丨5602.91 HZ 
j I , i F?P -20 000 ppm 
‘ - 广 - ” i | 广 ‘ ？ ” _」i." ” . 們…卞，，傘•“ 几” 、ji〜_J n」产’？r^ W ？ -t509.36 H i 
^ ^ ^ PPHCM I0.4347B DOm/c« 
_ _ _ _ _ HZCH 787 48962 H?/c« 
II丨丨丨I I I 1"丨丨丨丨•丨丨丨丨 !"""•" 丨丨 I I丨⑴"丨“‘'•"• 
DOm 2 0 0 175 150 125 100 75 50 25 0 
1 0 1 
I S S S S current Oata Parameter， 
a 々 . 7 7 7 7 n T T T oc; : r^ 臂 r ^ u^ ir; (T； 7 1 TT TT r^ m m 另 fM o o o o in S ? S NAME >ip9GclttB't6 
f^  r-. f^  r^  lO lo in in f^ mfnfr^ mrip^ r\if\jf\jrvif\jf\if\jf\iojrvjajrvjrvif\jfvjrvi 二 二二二 EXPNO J 
却 / V V -明 ‘ 
II ‘ ’ n n I IH n If r? - AcqutsUlon Parameters 
Oate_ 20001209 
Time 0.39 
INSTRUH dpx300 Q Pnoewo 5 mm Dual 13 H^ r PUIPTOG ？g 
\ TO 32758 V—< \ \ SOLVENT CDC 13 
r y 1 SHH 8992.806 Hz 
^ 、入 FIOPES 0.274439 Hz 
O AO 1.8219508 sec 
RG 228.1 
OH 55.600 usee 
OE 6.00 usee 
TE 300.0 K 131 01 1.00000000 sec 
............CHANNEL ri 
NUCl IH 
PI ( 5 0 usee 
P U -3.00 dB 
I 5F01 300.1313000 KH* 
F2 - Processing parameters 
SI 32768 
SF 300.1300057 MHz 
HOV EM 
sse 0 
IB 0.30 HI 
GB 0 
PC 0.50 
I 10 NMR plot oaratncters 
J I CX 23.00 cm 
I, PIP 10.000 ppm 
1 1 Jfil^  、 n 300J.30 H7 - . fL A. L_JL_ AA. Aiuh vhJ ^  I V l F?P -l.OOO ppm 
A 八 八 J V / \ J / \ ？ l l / c . 一 fo fH U] n rlo CD ^ ) cn、a/i -^^(o oA "^CM 143.54044 H?/cm 
r 0 0 1 m o r ^ O f n t D a? r ^ c n r n o i - ^ A J 
9 I o cn o o O " ^ — o 臂 n o — I D — 
«j • . . . . . 
^ j 一 m — ” TT o IT) ‘― rvj o rn rvi r\j m oj 
r 1 • ' I I I T T-p-' rr T- r-T-T-p-r"r~T-T-?"T -T-'-t-j- - -r- r-TT-j-T-r-'- T — r pr-T—r- T-i- t—f -t—r-p r-r-r-r r f r • 丁 • 『 | m •，i y-f-r-r-T t r r r t | i t t-T-T~-「i~r~r j-r- r-T-r- f — ^ 
pom 9 8 7 6 5 4 3 2 1 0 
Current D a U Parameters 
NAME 4p96cllt0-»6 
EXPNO 2 
(7) 一 cn 一 nu"»，iD 一 卜 o >， tt —• o UD oi 卜 cocomtfi �<Mio 卜 mm PHOCNO \ 
o uo 卜 ^ o c M o - ^ i o m c n U3 oi c v i o o 卜 — — t o o o m o i 一 m c n o i o n 
g — o rvj — m o f\j m oj rr tjo o rvj o m o u o o o r o 一 i n i n c n — U3 
g r^ CD ID 二 r J f ^ u i i r i t r i 二 r ^ o o o o j 卜 卜 卜 lo — o o o o t o m — a i o o c M r v j J ^ r ^ Acquisition Parameters 
以 O cn CO to TT rr TT m m oj oj — -- r^ r^ 卜 r- m ^ T x r o r n m r v i r u r v j o j Date ？0001209 
I I I I W\\\\ l \ • W\\\//// V ir 二 
PUUPPOG igdc 
TO 65536 
SOLVENT CDC 13 
NS 102 
DS 0 
SHH 22675,736 H z 
FIOfl€S 0.346004 H i 
AO 1.4451188 sec 
RG B I 3 3 
DW 22.050 usee 
DE 6.00 usee 
TE 300.0 K 
01 I.00000000 sec 
dll 0.03000000 sec 
CHANNEL n  
NUC! 13C 
PI 3.00 usee 
PLl -6.00 (J8 
SFOl 75.4745111 MHZ 
CHANNEL t2  
CP0PRG2 waltZlB 
NUC2 IH 
PCP02 100.00 usee 
PL2 120.00 dB 
PLia 19.00 dB 
SF02 300.丨315007 MHz 
F2 - Processing parameters 
51 65536 
SF 75.4677541 HHz 
KOW EM 
SSB 0 
LB" 3:00 Hz 
G6 0 
PC 0.60 
10 NMfl plot p«ram<lers 
CX 23.00 cm 
FIP ？?0.000 pom 
Fl t660?.90 H i 
W “ H i 
I I I  
ODD 200 150 100 50 0 
102 
B 52 。cncDnf3coSSin3J?SRJJ{[^ J^ P^ f^ SSTr!^ S!^  
I ^ S Current Data Parameters 
Q “ ^ nnmnmmmojruajOTcointnn NAME 5oe5c2tt 16-J8 NN mmmmnjr\jrvjojrvjf\jr\jruojr\jojf\jf\irur\i 一 — • — 二 EXPNO \ 
I _ ‘ 




PROBHO 5 m Dual 13 
H O PUL 叩 OG zg 
H3C 〜 ] ' 。 32768 
^ \ T SOLVENT C0CI3 
\ SWH 8992.806 Hz 
〇 ^ I FIORES 0.274439 Hz 
AO 1.8219508 sec U AG 114 
OM 55.500 usee 
OC 5.00 usee 
, TE 300.0 K (+j-132 01 f .00000000 sec 
............CHANNEL r I ……‘ 
NUCI IH 
PI 4.50 usee 
P U -2.00 dB 
SFOI 300.13丨2000 MHz 
F2 - Processing parameters 
SI 32766 
SF 300.1300060 HHz 
KOM EH 
SSB 0 
LB 0.30 HZ 
G8 0 
PC 1.00 
I 10 NMR plot parameters 
I CX 23.00 cm 
, jlCil I HP 10.000 pfit 
LI . II ；jp 3;!:���m 
八 j \ / l\ \l\ PMCH 0.47026 pp«/Cfn 一 fol C7)丨oo�cd|^ fcnl cn rn 143.54044 Hz/cm ？ o in f\j ^ to o m 9 o o o) in CO OD « o 0 — 0 0 0 0 
tS ― 一一 u j m — n 
p-r-T—r-1—! r T-J. I "r i ' • • i |-r-1—i—t-t i i ! | -f • t t i r r- i • t-t—p-r-r-r ”” t t—• -pr-r-r-r-r-r r r-T-j r-r-r-t- r-t-t-T"T-pT i r r f f t r-r-pT—T-r- r r r- r i t | r r t-tt-T-f T-r-j- ' r r r i i t i i | 
ppm 9 8 7 6 5 4 3 2 1 0 
Current Data Parameters 
NAME 5o?5c?lll5-18 
EXPNO 2 
— N TT n cn m to ru co 000 一 m^^ rto 一 aj POCNO \ — or> m CP o r^  (Mo^ - oruoio— 卜― ro s m -^T iDojp^ m 10m 00 in o> rx o r>. lo id d • • • • • • •二二 二二二 —• • F? - Acauisition Parameters S o CD m If) m — p-r^ to to t ro cd m m 卜 • _^ ^ — CO oj r^r^r^  ^ -^r m m ru OJ Oale_ 20010205 
V\ / \ \ / I \ I INSTRUM d。x300 






SWH 22675.736 Hz 
frORES 0.346004 Hz 
AO 1.4451188 sec 
RG 6502 
DW 22.050 usee 
DE 6.00 usee 
TE 300.0 K 
01 I 00000000 sec 
dll 0.03000000 sec 
............CHANNEL f I •”•••. 
NUC丨 I3C 
PI 3.00 usee 
PLl -6.00 dB 
SFOI 75.4745U 丨 MHj 
CHANNCL r2  
CP0PRG2 waltZlS 
NUC? IH 
PCP02 100 00 usee 
Pl2 I?0.00 dB 
PLI? 19 00 d8 
SF02 300.1315007 MHz 
F? - Processing parameters 
SI 65536 
SF 75.4677534 MMj 
KOW EH 
SSB 0 
LB 1.00 H? 
GB 0 
PC 1.40 
10 _ plot parameters 
CX 23.00 cm 
f \ P 220.000 
n 1660?.90 H i 
F2P •？0.000 DDK 
H^CM 797.48956 Hi/c» 
T '>•»• T t > r T > I ' T t r r t-tt • • t ! r r •^ ••-^ -f -r-r -t—t"J r-r-T—-t-'-r i t r T-T-f-ft't -r-T-rf-r-Tr�r t t' » t r t tt rT"T-�r-T—» • T" I T-r -r t -t-I't t* t，»• i f f t -t tt'T** vt n t - r.r ttt"「，•-.’ r r-r，» i 
opm 200 150 100 50 0 


























































































































































































































































































































































































































































































































































































































































I 5 JO S current Oata Parameter, 
CX , . -Trnmrv NAME 4�toocUM-6 
‘ ^ ‘ nrl 1 l l l f f T r F2 - Acouisuton Parameters 
Date. 20001214 
U m e 丨 9.17 
INSIRUH dpx300 
PROOHO 5 mm Dual \3 
PULPPOG zg 
u u y TO 32768 
HaC^^JL^O 『“ coc:: 
fj~U \ / SWH 8992.806 Hz 
U jX^ ^^ /Y""""Z nOPHS 0.374439 HT 
Q V AO 1.8219508 sec 
0 OH 55.600 usee 
06 6.00 usee 
TE 300.0 K 
01 ) .00000000 sec 
(±)-133 
…………CHANNCt f 1 
NUCI IH 
PI 4.50 usee 
P U 00 dB ‘ sroi 300 i3i?ooo mi 
F3 - Processing parameters 
SI 3?758 
SF 300.i300060 HHz 
Htm EM 
SS8 0 
L8 0.30 Hi 
GB 0 
PC O.BO 
10 MHP plot Darametcrs 
1 CX 33.00 cm 
I . FIP 10.000 ppm 
“ 11 A il W 一 JLjWIUL lip : 
八 U ( JJl ^^ -300,13 HZ A \ \ / \ PPMCH 0 4 78?6 POfl/cm 一 /o\ OJ r. n {。、L] H^CM 143.54044 Hz/cm 
， o m CD f^ CD in 
9 o c\j <j) m CO m a> 
O I o o O (Jl 0"» 
^ . . . . . S 一 ” I — rvj m in OJ 
f-T T^rTTT-r-t T~.「* _•『• r t -r•，•’ •• • r -»—i - r n T i -r T-T-t ~|.r ， ‘ r. • ’ • r ••”!•， -r—rt-r-r t tt'「-r - j - fr-,T"T .厂 r-r t -r r r r-T-t.i •-•r~r-r-r-T t r •，. T - r -^it't T't | - i • f r t r r -r -r—r 丁 》_r r-r t- ： , •飞 
ppm 9 8 7 6 5 4 3 2 1 0 
Current Oata Parameters 
NAME 4o!OOcltt4-6 
— t o r ^ t x j 一 — CD — in cu — ru co — ” co m — cm m ZXPNO 2 rr r^  iD CP ru in m r-* o ⑦ oo o cd m lo co ru o DonrMn • 
o r u — m o D CO rvj o cn m o m i n i n o j o D C D i n 卜 ” rnuunu ‘ B T  iT) in OJ m nj OJ o CD r^  to iD fO ru CD iT) rvj CT» Q. MD o l o c n 一 cn -"t nj cn m oj rvj co o o U3 m oo 
d . . - . P? • Acquis 11 IOA Parameters 
ai ， in 〜一 CD 卜 r^ lDlD，， ID— ODrU�"^” rs» a o cvc 3 
00 m OJ o r^r f^^ r i^oio ^ ^ m n m nj f\j Oa I e _ ？0001 ? H 






SWH 22675.736 Hz 
FIOPES 0.346004 Hi 
AO 1.44S1IS6 sec 
RG 4096 
OH ？2.050 usee 
OE 5.00 usee 
TE 300.0 K 
01 丨 00000000 sec 
dll 0.03000000 sec 
............CHANNEL r t ……I 
NUCI I3C 
PI 3.00 usee 
Ptl -6.00 dB 
SFOt 75.<7«in HHI 
• • • • • • • • • • • • CHANNEL f a  
C P 0 P W 2 w a U 2 l 6 
MUC2 IH 
PCP02 100.00 usee 
Pt.2 IJO.OO dB 
P U 2 19.00 dB 
SFO? 3 0 0 . 1 3 1 5 0 0 7 MHz 
F? - Processing parameters 
Sr 65536 
SF 75.4677520 MHz 
WOH EM 
SSB 0 
LB 3.00 HZ 
GB 0 
PC 1.40 
10 NMR olot parameters 
CX ？3.00 c» 
f\P 220.000 D0« 
H FI 1660?.90 Hz 
11 F?P -?0.000 Dpm 
HZCM 787 40950 Mi/cm 
~ r r ' • I ' ' ' ' ' ~ I ' ' I I ‘  
pom 2 0 0 丨 5 0 t o o 50 0 
1 0 5 
I S 2 C u r r m Oata Parameter, 
^ 卜 nmmmmmmncNinjnjrM 一”一 — 二 二二二 二二二 二二二 二二 d fXPNO i 
• 1 rn llTniT r F? - AcQulsmon parameters 
Date. 30010619 
Ti»e 20.32 INSTRUM doX300 
PPOBHO 5 iMt Dual 13 PW.PTOG zg 
[-( V / TO 32768 
! \\ SWH 0992.806 H z 
\ \ FI ORES 0.274439 Hz 
Q » AO 1.8219500 sec 
RG 12B 
OW 55.600 usee 
oe 5.00 usee 
TE 300.0 K 
,,..^^ 01 丨.00000000 sec {±)-136 
… … … … C H A N N E L f I _•••••• 
NUCI IH 
PI ( 5 0 usee 
. P U -2.00 OB 
SFOI 300.1312000 MHz 
F2 - Processing parameters 
51 3276B 
SF 300.1300060 HHr 
HOW EH 
SSB 0 
LB 0.30 Hz 
ca 0 
PC 1.00 
10 NHP plot Darameters 
CX 23.00 cm 
Li L “ • i M i L li iip E: 
1 11 J II ^^  -300.13 H： 
\ \ / \ PPMCM 0.47826 opm/cffl 
一 oi in — a? 00 ^ TTf fol HZCH 10.54044 H i / c m 
J 安 in in in o o 
9 o 0 0 0 0 * ^ 0 
C 一 I ， 丨 一 一 丨 ru 2 
j ~ I I '' •‘ ‘ ‘ • I ‘ I I J J J -.,,, 
PPffl9 8 7 6 5 4 3 2 1 0 
Current Oaia Parameters 
NAME 6oBc2tM-6 
EXPNO 2 
o 00 o，tx) f\j CT> u3 p^  n cnorvjtnooDor) oi PflOCNO \ 
art r- rr o — rvj O) r^ o id o o i m c o m r v j i n — ru e m — r^  oi in 臂 "^lolo ^  r\jmmm — 
S . . . • r? - Acquisition Parameters 
n CO rv a> n oi f-v 1X3 CO T G O r v i o m 一 G D r ^ " " « T c o _    
^ -cr n — o p x i ^ i ^ t o t o m m m r n m r v j n j r M Oate_ ？0010619 
I I II V V I 运 





5HH 22575.736 Hz 
FIORES 0.346004 Hz 
AO 1.4451100 sec 
PG 8192 
OW 22.050 usee 
OE 6.00 usee 
TE 300.0 K 
01 I.00000000 sec 
d!l 0.03000000 sec 
............CHANNEL f1 丨 
MUCl I3C 
PI 3.00 usee 
P U -5.00 dB 
SFOl 75.4745111 MHz 
CHANNEL f2  
CPOPRG? waltZl6 
MUC2 IH 
PCP02 100.00 usee 
PL2 120.00 dB 
P U 2 19.00 <J8 
SF02 300.丨3丨5007 MHz 
F2 - Processing parameters 
51 65536 
SF 75.^677503 MHz 
HOW EH 
SSB 0 
LB 1.00 HZ 
G8 0 
PC 1.40 
10 NMR Plot parameters 
CX 23.00 cm 
flP 230.000 ppm 
n 丨6602.90 »l 
‘ ‘ ‘ ‘ ‘ I ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ .…11 
ppm 2 0 0 150 100 50 0 
1 0 6 
�o m in ‘― m f^  no Tj TO'voiiotO'^ TtDr^ in^ -ncDOT 
_ 二 9 o — r-. — mmcDf^ rvjoooinii^  -^njo^ tomiD cd 
S SIS 
CX C T » a o u " ) ， ， 7 T r r n r u n j — • — 一 — o i c n o J c n c o c D 一 nahH 5o55c ttt JO-19 
〜r^  f\jf\irvj(MojrurvjrvjfMrvjrvjr\jf\jr\j 二二 — 二 二二二 £XPMO I 
\l :::_“,。—， 
Date, 20010320 
T i w 16.52 
iNSrouM 60x200 
PROBHO 5 mm Dual 13 
— PULPROG 2g 
H / y TD 32768 
j \\ SWH 8992.306 Hz 
\ \ H O P E S 0 274439 Hz 
O AO 1.0219509 sec 
RG 114 
OW 55.600 usee 
OE 6.00 usee 
TE 300.0 K 
/ , . - 01 1.00000000 sec 
(±)-137 
•… .……， C H A N N E L t t … … ' 
WUCl IH 
Pt 4.50 usee 
Pll -2.00 d8 
5F01 300.1312000 MHz 
• F2 - Processing oarameters 
SI 3?76a 
SF 300.1300063 MHz HOW EM 
SSB 0 
LB 0.30 HZ 
G8 0 
PC 0 90 
10 NHn plot oarameicr^ 
I CX 23.00 cm 
J FIP lO.OOO ppn 
h i M 3001.30 HZ  
iJ F2P -1.000 oom 
八 / f ) j A PPMCH 。47826 DO«/ctn 
— / o \ U i a ^ h U f v W co\ L ] h z c m . 1 0 . 5 W 4 H z / c m •n o OD^-'CDQDinCDin tO ^ O o S" o cno — — OOTOO —
3 — o — 一 ruojOLH 一 m 
I丨丨丨丨丨u_麵I丨I丨丨圓__••丨I丨_||彳丨I丨iii‘丨丨II‘I剛丨II1卿丨丨‘“则丨“酬I‘丨丨雇TI, 1""剛'•""國•'""•""哪I'"T酬‘丨III"剛丨‘“丨丨丨III‘丨丨|丨||1 “‘__|腳“賺11丨丨  1I丨丨丨“丨I刚腳 I_丨_丨丨咖丨脚丨卿脚丨糊1 
DOm 9 8 1 5 5 4 , 3 2 1 0 
Current Data Parameters 
NAME 6 
EXPNO 2 
m o CO o fvj a> m cDo，inojma)coo> PflOCNO 1 m CD f^  ^ o rw C7> 0U30 — m— o t n n j e r^  m ay \n t^ rr a> m cn — cDc^ mrvjcjin 
Q. • ^ • • • • r^ ' ^ ^  .rt r? - Acouisitlon Parameters 
“ ^ ” n rv — p^ tt T r m m n m r \ j r \ j OatC. 20010619 
\ / \ \ \ / /y INSTPUh do*300 






SHH ？2675.736 »Z 
FIOPES 0.346004 Hz 
AO 1.4451188 sec 
RG 3192 
OK 22.050 usee 
OE 6.00 usee 
TE 300.0 K 
01 1.00000000 sec 
dlt 0.03000000 sec 
•……••…cHANNeu n……， 
NUCl 门c 
Pi 3.00 usee 
PLt -6.00 d8 
SFOt 75.4745111 MHZ 
CHANNEL r?  
CP0PRG3 waltz 16 
WC2 IH 
PCP02 100.00 usee 
PL? 120.00 dB 
P U 2 19.00 08 
SF02 300.1315007 MHi 
F? - Processing parameters 
SI 65536 
ST 75.4676899 m z 
KDW EM 
SSB 0 
L8 1.00 Hz 
G8 0 
PC 1.40 
10 _ plot oarameterj 
CX 23.00 cm 
FIP 2?0.000 pp_ 
F1 1660?.的 H i 
Hi El 
HZCM 707 州895 Hj/ci» 'I I   
p o m 200 150 100 50 0 
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